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LIVERPOOL ENGINEERING:-SOCIETY. 


FORTIETH SESSION. es oe s 


First Meeting—5th November, 1913. "^ > 


LÀ 
5^. 


Prorrssor W. H. WATKINSON, M. Eng. (LZ’pool), 2... 
M. Inst. C. E, M.I. Mech. E, M.LE.E, = 
in the Chair. 


PROFESSOR W. H. WATKINSON said that Mr. Francis E. Cooper, the 
President for the Session, required no introduction to the Members 
of the Society, to which he had belonged for 26 years, having been 
a Member of the Council for many years of that period and a most 
regular attender at the meetings. He was sure that Mr. Cooper would 
uphold most worthily the traditions of the Office, and he wished him 
a very pleasant Presidential year. 


Mr. Francis E. Cooper, Assoc. M. Inst. C.E., thereupon took 
the Chair, and delivered the following 


INAUGURAL ADDRESS. 


GENTLEMEN, 

I feel it incumbent upon me as my first act of office to tender 
to you my thanks for the very great honour you have conferred upon 
me in electing me your President. I can only trust that with the 
loyal co-operation of the Council and the Honorary Officers I shall be 
enabled to take up the duties with some small hope of maintaining 
the high standard attained by my predecessors. My best endeavours 
shall be devoted to that end. 

My next duty is to address you on the subject of the advance of 
our profession, and I feel that I cannot do better than follow the 
example of many of your past Presidents, and confine my remarks to 
the branch of engineering with which I am more intimately connected. 

I propose, therefore, to give a short review on the subject of “The 
Road and its Users," and in order that this may, in effect, be kept 
within reasonable limits, the greater part of my observations will be 
devoted to the questions which are of first interest to-day. 

1 


-| = 


a 


2 ADDRESS BY MR.. FRANCIS E. COOPER, PRESIDENT. 


p 


I am well aware that -most, if not all, of the circumstances with 
which I shall deal,- Are’ familiar to you, and the most I can hope for 
is that there may "Ae something of novelty and value in the form in 
which the facts‘até-collated and presented to you. 

With this. end in view I have divided the matter into two 
parts, viz. 

The periods before and after approximately the middle of the 
Nineteenth century, which marks a time when there appears to have 
beer As general awakening to the need for improved means of transit 
ane “both Urban and County roads. 
> *[ shall not weary the Society with references to Ancient History. 


"Roman roads, a very fascinating subject, are fully dealt with in most 


. o o 
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text books, but a convenient method will be to place the principal 
facts during the first period in chronological order, with such comments 
thereon as appear necessary. 

During this first period, after the gradual destruction of the splendid 
network of Roman roads, we find that in spite of spasmodic attempts 
to secure improved means of communication, principally confined to 
upkeep, &c., of bridges, that the roads were generally mere tracks and 
almost impassable in bad weather. The only repairs done consisted 
in filling in bad holes and ruts with any stones or other material 
available. It has been unkindly suggested at times that this is even 
now not quite a lost art. It was only towards the end of the Eighteenth 
century that we hear of Macadam and Telford engaged in their great 
pioneer work of road-making, and for some 40 years they continued 
to construct roads throughout the Kingdom. 

It may be mentioned here that the good effects of their later work 
was much discounted by the great railway boom of the early Nineteenth 
century, which caused the reduction and ultimate disappearance of 
almost all the coach and much of the heavy goods traffic from the 
main trunk roads, but developed a great volume of traffic on roads 
which became feeders to the railways, and were generally not adapted 
for the purpose. It will be remembered that at this time all roads 
were either traffic rolled or occasionally consolidated with a heavy 
horse roller. 

In connection with this “traffic rolling” there are no doubt some 
of you who remember the practice of spreading loose macadam, 
liberally sprinkled with road scrapings, over half the width of a road. 
Large stones were then placed in a row across the other half of the 
carriageway so as to force all vehicles on to the loose metal. It was 
customary to remove these large stones at night, but it makes one © 
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TABLE I. 


THE ROAD AND ITS USERS. 


TABLE OF EVENTS, 1555-—1848. 


Condition of Roads 


Mere Tracks. The 
only repairs done 
being the filling up 
of holes with any 
material at hand 


Main Roads (in Scot- 
land) constructed 
by General Wade 


Many Miles of Main 
Roads constructed 
by Macadam and 
Telford 


Means of Transit Legislation 


Horse, Horse Litter (two Highway Surveyors 
horses) first appointed 


Sedan Chairs 


First Hackney Coach (spring- 
less). Broad wheeled 
wagons with 6 to 8 horees 


Stage Coaches (springless) 


Turnpike Gates 
first legalised 


Stage Coaches (with springs) 


Introduction of Tramways 
with Iron Rails by Outram 


Hobby Horse (precursor of 
Bicycle) 


Suggested National. 
isation of the Roads 
Hackney Cab 


First Railway Opened 


Steam Road Coaches 
successfully run 


Special Taxes on Steam 
Coaches legalised 


Hansom introduced his Cab 


1,111 Turnpike Trusts in Highway Act 
existence 


Bicycle invented by 
Macmillan 


Public Health Act. 

Loeal Boards of 
Health 

first constituted 
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think that the law as regards *'misfeasance" cannot have been so 
thoroughly understood then as now. An authority may now be held 
liable for damage caused by unrolled macadam which has been left 
unguarded. 

Before leaving this Table, in which the names of Telford and 
Macadam stand forth so prominently as the master minds in road 
construction, it is curious to note that whereas Macadam has added a 
new word to the language, it is only among American engineers that 
Telford’s mode of road construction is known by his name. His 
countrymen still prefer to use four words—‘“‘hand pitched stone 
foundation ”—instead of the one word “ Telford." In this connection 
there is a popular belief that “Tramway” is an abbreviation of 
* Outram Way," Outram having introduced iron tram rails in 1800, 
but there is little doubt but that the word is derived from an old 
North country name for a coal wagon, especially such as ran on 
wooden rails. | 

Telford did not pin his faith entirely to this foundation, for in one 
at least of his specifications he provided that **soft stones will answer, 
* or cinders, particularly where sand is prevalent," which is interesting 
in view of the use now made of destructor clinkers upon a clay 
or sand sub-foundation. He also specified a concrete foundation 
composed of lime and gravel or hard stone 6 to 12 inches thick, and 
broken stones laid on before the concrete set. The bulk of the roads, 
prior to Telford and Macadam, must indeed have been in a dreadful 
state, quite bad enough indeed to render exaggeration unnecessary, 
yet Mr. Young, writing in 1770, states that the Wigan turnpike had 
ruts which he actually measured four feet deep. Mr. Young appeared 
to have overlooked the fact that the wearing of such ruts would require 
the use of wheels over eight feet in diameter, but he was evidently 
very furious with what he calls “this infernal road” in this “terrible 
* country.” 

It is interesting to note that the office of Surveyors of Highways 
in England dates from the time of Philip and Mary. The surveyor 
was appointed annually by the inhabitants of the Highway Parish, a 
procedure which does not appear to have been very much departed 
from in the various Acts passed in the reigns of the Georges and the 
consolidating Highway Act of 1835. I will refer to the Act of 1835 
in the second part of my remarks. 

| STREET TRAMWAYS. 

We now come to the second period under review, which I have 

taken as commencing in the year 1860, when the first street tramway 
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was laid in this country in Birkenhead, an example quickly followed 
by Liverpool and many other towns, until in 1879 the total route length 
of street tramways, mostly horse drawn, amounted to 320 miles. 

Mechanical traction was not very quickly developed until after 
the passing of the Light Railways Act of 1896, and we find that in 
1898 the route mileage of tramways and light railways worked by 
horse, steam and other power amounted to over one thousand miles. 
With the cheapening of electrical power the conversion of tramways 
throughout the country from steam and horse to electrical was 
commenced in 1897 and 1898, and rapidly extended until in 1912 
over 2,500 route miles were reported to be electrically operated, with 
only a little over 100 route miles of all other methods of traction. 

HIGHWAY LEGISLATION. 

The Highway Act of 1835 is the starting point for all existing 
Legislation for Highways, for in it are consolidated all the surviving 
sections of the many Highway and Turnpike Acts, from the Act of 
1530 of Henry VIII to that time. 

Under this Act of 1835, the liability to maintain the highways 
rested with the parish, who were obliged to appoint a surveyor who 
was elected annually. There was permissive power for amalgamation 
of parishes into highway boards where the population exceeded 
5,000. The surveyor levied and collected the highway rate, and also 
paid himself his own salary. 

Under the 1835 Act roads could be widened at the discretion of 
the Justices, but so that the highway should not exceed 30 feet in 
width, but all costs and expenses, including compensations, had to be 
raised from the current year’s rates, and such charges could not in 
any one year exceed one-third of the rate. There were also wise 
provisions as to the cutting of hedges, limiting the planting of trees 
to at least 15 feet from the centre of the carriageway, the cleansing of 
ditches, drains, &c., and the prevention of encroachments, all of which 
would have had a beneficial effect ¿f carried out. We are not much 
concerned now to know that under this Act bull-baiting on the 
highway was illegal, but the fact that football was also prohibited 
has quite an up-to-date interest. 

The Public Health Act of 1848 then followed, and for the first 
time constituted local boards of health in urban districts. In this 
Act were incorporated some of the most effective provisions of the 
Liverpool Sanitary Act of 1846. 

With the passing of the Highway Act of 1862 the formation of 
highway boards appears to have been first placed on a sounder basis. 
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These boards were composed of way wardens annually elected in 
the several parishes comprising the district of the highway board. 
This measure also had the effect of including in the highway board 
all areas controlled by existing turnpike trusts, with the intention, 
no doubt, that as the various trusts lapsed their areas would merge 
into highway boards. That this would have far reaching results may 
be gathered from the fact that in 1835 it is stated that no less than 
1,111 turnpike trusts were then in existence. 

Under the Highway Act of 1862 the appointment of district 
Surveyor and other officers was placed on a better footing, they being 
appointed by the highway board instead of by an election, as 
previously. This Act was not compulsory, but was amended by the 
Act of 1864. 

The Highway Act of 1863 appears to have been passed mainly 
to prevent way wardens contracting in their own districts. 

The Highway Act of 1864 continued the work of consolidation of 
various parishes responsible for the upkeep of roads, into highway 
board districts. | 

Under the 1864 Act, apparently for the first time, the highway 
boards were given power to borrow money for the purpose of improve- - 
ment of highways, which might include the widening of any road, the 
cutting off the corners in any road, the levelling of roads, the making 
of any new roads, &c. 

An important step was taken when the Public Health Act, 1872, 
mapped out the whole of England into urban and rural sanitary 
districts. In the urban districts the various Local Government Acts 
were enforced, with the result that every urban sanitary authority 
became the highway authority. 

The Public Health Act, 1875, made no important change so far 
as highway authorities were concerned. 

The Highways and Locomotives (Amendment) Act, 1878, aimed 
at securing greater uniformity in the areas of highway and other 
administrative authorities, and also attempted to equalise the burden of 
the repair of the highways, which had grown much heavier as roads 
became disturnpiked. 

The turnpike roads were generally regulated by local Acts, which 
limited their powers to a term of years, and if not renewed these 
lapsed. The last turnpike ceased to exist in 1896. It appears the 
name turnpike, on the authority of Professor Skeat, was given to the 
toll-gate, because it took the place of the old-fashioned turnpikes, 
which had three or more horizontal bars or pikes revolving on a 
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central post. The Highways and Locomotives Act, 1878, broadly 
speaking, provided that all roads disturnpiked since 1878 should be 
main roads, and under the Local Government Act, 1888, these main 
roads where in county boroughs, are to be controlled by the 
councils, where in urban sanitary districts are to be controlled by 
the district with contributions from the county, and elsewhere, the 
main roads vest in the county councils. 

It only remains to add that the Local Government Act, 1894, 
conferred on all rural district councils infer alia the powers of 
highway authority, and all highway boards ceased to exist. This 
was the natural sequel to the provisions of the Public Health Act, 
1872, which had constituted the urban district councils as highway 
authorities in their districts. 

The most important Acts affecting county boroughs, boroughs 
and urban districts of recent years, have been the Private Street 
Works Act, 1892, the title of which is self explanatory, and the 
Housing and Town Planning Act, 1909. The latter is important as 
conferring upon authorities for the first time the power of having some 
say as to the direction, width, &c., of new roads, not only to secure 
"amenity and convenience” in their own district, but a joint scheme 
may be planned by more than one authority, and from a traffic point 
of view particularly, great advantage may accrue. 

It has been pointed out to this Society, that the Liverpool 
Corporation Act, 1908, anticipated some of the best features of this 
Act, and a considerable length of the Queen's Drive was constructed 
by the Corporation under their Act before the Town Planning Act 
became operative. 

LEGISLATION.—SELF-PROPELLED VEHICLES. 

Equally important as the opening of the tramway era, was the 
passing of the Locomotive Act, 1861, the provisions of which appear 
to record the earliest symptoms of a reawakened interest in self- 
propelled traffic on our roads. The preamble states, ‘ whereas, the 
* use of locomotives is likely to become common on turnpike and 
“other roads, and whereas, under and by virtue of certain Local 
“ Turnpike Acts, tolls may be levied upon locomotives and other 
“engines drawing or propelling wagons or carriages, which are or 
* may be prohibitory of the use of locomotives on the road to which 
“the said Acts respectively apply, and whereas, the weighing clauses 
** in the General Turnpike Acts have not been framed in anticipation 
* of traffic by locomotives, and are in many respects ill adapted to 
“the profitable carrying of goods." Broadly speaking, it was there- 
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fore enacted that the tolls to be paid by locomotives under this Act 
were proportionate, weight for weight, to those paid by horse-drawn 
vehicles, instead of the prohibitive charges previously levied. The 
weight was not, except under special conditions, to exceed twelve tons 
on tyres not less than 9 inches wide, and the speed of ten miles per 
hour was allowed on any turnpike road or public highway, and five 
miles through any city, town or village. 

The Locomotives Act, 1865, showed a reactionary tendency, as the 
maximum speed on highways was reduced to four miles, and through 
towns to two miles per hour, and the man with a red flag first 
appeared on the scene. The weight was not to exceed fourteen tons, 
while the conditions as to width of tyres were unchanged, and the 
regulations as to the blowing off steam, consuming smoke, stopping 
for horse traffic, &c., were very stringent. These conditions were 
generally still further stiffened under the Locomotives Act of 1878, 
although then, for the first time, the relation of the diameter of wheels 
to width of tyres and weight was recognised. These conditions stood 
for thirty-three years, i.e., until the passing of the Locomotives Act, 
1898, It was, however, in 1896, that the first great step was taken to 
allow the use of the highway to self-propelled vehicles on something 
like reasonable conditions. The Locomotives and Highways Act of 
that year permitted the passage of locomotives of under three tons 
weight at a speed of not exceeding 14 miles per hour, but an extra 
duty, graded according to weight, was imposed. The regulations 
which the Local Government Board were empowered to make under 
this Act, are merged in those subsequently issued under the Act of 
1903. 

The Act of 1896 was followed by the Motor Car Act, 1903, which 
was passed as the result of considerable agitation by motor car users 
and others. The Act was a compromise between the rival parties, 
and considered as a whole with the Motor Car (Registration and 
Licensing) Order, 1903, issued by the Local Government Board, 
several important modifications were introduced. A system of regis- 
tration and identification of motor cars, bicycles and tricycles was 
instituted. The maximum speed was raised to 20 miles per hour, while 
penalties for offenders were made more severe. "The provisions which 
most affected the upkeep of the highway and the general users thereof, 
was the raising of the speed limit. There has always been much 
controversy over this regulation, and there are indications that it is 
again reaching an acute stage. 

The Locomotives Act, 1898, limited the number of wagons 
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(trailers) drawn by a locomotive to three, but the weight carried on each 
wagon might be permitted to exceed the limits fixed by the Act of 
1861. Local authorities were empowered to erect machines for 
weighing locomotives and wagons, and they were also empowered to 
make bye-laws to regulate the use of locomotives. Every locomotive 
was required to be licensed and to have an identification plate. 

The Heavy Motor Car Order, 1904, regularised the use of motor 
vehicles exceeding two tons in weight, but not exceeding five tons, or 
not exceeding 64 tons for a motor car and an unladen vehicle together. 
The permissible weight of car and load must not exceed 12 tons, of 
which not more than eight tons may be carried on one pair of wheels. 
The width of tyres is regulated by the weight carried and the diameter 
of the wheel. It must not be less than five inches, and the scale is 
so arranged that the weight per inch width of tyre shall be about 
74 cwts. 

The speed allowed may be from five to eight miles per hour 
according to weight, and if with or without a trailer. Cars with 
rubber tyres may travel at from eight to twelve miles per hour 
according to weight. 

The Finance Act, 1910, imposed a tax of 3d. per gallon on petrol, 
the proceeds to go towards road upkeep. The duties on motor car 
licenses were also increased, and range from 2 to 40 guineas. They 
were graded according to the power and not the weight of the cars 
as previously. 

IMPROVED ROADS AND CYCLING. 

In connection with the construction of street tramways the paving 
within the statutory limits was required to be of stone sets, which no 
doubt effected a great improvement in the paving of the towns. The 
paving outside tramway limits still remained macadam in the majority 
of cases, and the contrast between the two classes of paving no doubt 
contributed to the already awakened desire for improved methods of 
laying the macadam. These means were obtainable in 1865, when 
Messrs. Aveling and Porter produced the first successful steam road 
roller in this country, this firm supplying one of these, of some 30 tons 
in weight, to Liverpool in 1867. The use of steam rollers soon 
became general, with a very marked effect for good on the highways, 
and as soon as the fact was fully realised, the busy inventor was 
quickly at work to obtain the full benefit of the smooth going. 

The original hobby horse was produced in 1808, and Macmillan 
had constructed his first bicycle in 1840, but no further advance was 
made until in 1869, following the track of the steam roller in more 
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senses than one, the “bone shaker" bicycle—a terrible engine—was 
introduced. The large wheel “ordinary” machine of the early 
seventies came next and had a run of some ten years. The safety 
chain-driven bicycle was received in 1880 with some derision, second 
only in degree to that with which Dunlop’s pneumatic tyres were first 
regarded in 1888, but, as we know, in both instances they quickly and 
deservedly achieved popularity. 

The lot of a cyclist on our roads in the days antecedent to the 
passing of the Local Government Act of 1888, was at times anything 
but a happy one. He was looked upon as neither quite a bona fide 
pedestrian nor a vehicle, but in either capacity he was considered a 
nuisance, and as such was closely watched, but this Act fixed the 
identity of bicycles with ‘Carriages within the meaning of Highway 
Acts.” However, as we know, there were compensating circumstances, 
and fostered by such Societies as the Cyclists’ Touring Club and the 
National Cyclists’ Union, which persistently pressed on Local 
Authorities the need for improvement in road surfaces, the sport grew 
in public favour until it reached its zenith in 1896 and 1897. 

| SELF-PROPELLED TRAFFIC; ITS EFFECT ON ROADS. 

In the meantime, in 1884, Daimler produced his internal com- 
bustion engine, which shortly after he successfully attached to a 
bicycle. The subsequent rapid development and increased use of 
the motor car on the continent rendered a revision of the restrictive 
legislation in this country imperative, and so, in the memorable year of 
1896, the passing into law of the Locomotives on Highways Act once 
more permitted the passage of self-propelled vehicles along our high- 
ways at more than a walking pace, and without having in front the 
previously indispensable man with a red flag. 

It will be seen there is a strong parallelism between this period 
and that which occurred after the first * renaissance" of good road 
making under Telford and Macadam some eighty years previously. 
In each period a great step forward was taken in the improvement of 
our roads, and this was followed at once by the introduction of 
machines for expediting travel, but whereas in the first case the 
mechanically successful steam coaches of 1828 to 1832 were driven 
off the roads by repressive legislation (over fifty Bills were introduced 
into Parliament in one year with that object), promoted principally 
by various turnpike trusts, we find a somewhat different spirit 
prevailing in the second period. No doubt the public spleen had 
expended itself to a considerable extent upon the cyclist, and when 
every other person became a cyclist a spirit of toleration arose, during 
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which the motor car passed its experimental stages without exciting 
much opposition, as indeed why should it, for at this time it was a 
most inoffensive affair, creeping along the roads at the pace of a 
traction engine, doing absolutely no damage to any person nor to 
macadam or any other paving, and providing always a never failing 
source of amusement for wheelmen. 

With the passing of the Act of 1896 all this was changed. From 
crawling at four miles per hour, the pace authorized of 14 miles per 
hour was frequently increased until it reached limits which could 
hardly be credited were the facts not recorded in the Police Archives 
of the time. The damage to the waterbound macadam roads soon 
became a very serious problem, and the nuisance from dust raised by 
the fast vehicles was a very real source of annoyance. 

The road authorities were at their wits’ end as to the best means 
of coping with this unprecedented state of things, the difficulty being 
all the greater from the fact that, with the experience gained up to that 
time, it had been possible to maintain the highways of the country in 
generally a high state of efficiency under the traffic conditions then 
obtaining. It must be admitted that the roads at this time were 
generally quite sufficient for the purpose of all horse-drawn vehicles, 
occasional heavy motor vehicles, cyclists and pedestrians. 

I do not propose now to weary the Society by recapitulating the 
many experiments which were carried out by different authorities with 
the view of securing longer life to road surfaces and immunity from 
dust. 

The proceedings of the parent Institution during the last few years 
have contained quite a number of valuable papers, and no less 
instructive discussions, on road construction and maintenance, and I 
personally had the honour when laying information before this Society, 
in 1908, of attempting to bring the record up-to-date at that time. 
Attention may here be drawn to the influence which such Societies 
as the Roads Improvement Association, formed in 1886, the Self- 
propelled Traffic Association, initiated in 1895, and the Royal 
Automobile Club, formed in 1897, have had on the promotion of 
progressive legislation and administration in connection with highways 
and their use by light and heavy locomotives. 

The world-wide effect of motor traffic on the upkeep and improve- 

ment of roads has been demonstrated by the success which has 
» attended the meetings of the International Road Congress, the first 
of which was held in Paris in 1908, the second in Brussels in 1910, 
and the third in Londonin 1913. Out of the many schemes of road 
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improvement which have been tried, general opinion now fixes on the 
tar spraying of the ordinary macadam road as the system which for 
the cost incurred produces probably the best results so far as light 
motor traffic is concerned. There is probably not a highway authority 
in the kingdom at the present moment which has not to some extent 
practised the tarring of its principal roads. 

The provision of either a pitch grouted paving or some form-of 
bituminous surface treatment is now recognised as a necessity, but 
where doubt arises is as to whether the traffic conditions justify a 
permanent bituminous paving with a probable life of ten to twelve 
years, or whether the circumstances will allow of surface treatment 
only, a process which generally requires to be repeated annually. 

It must always be borne in mind that the mere upkeep of the 
highways is only one step in the right direction. It is only occasionally 
that the question of widening, strengthening of foundations, and 
general improvement of roads is considered at all, writers generally 
concentrating themselves on “ maintenance” only. This is, of course, 
the all-important point at present when the bulk of the motor traffic 
is light and not likely to break the road crusts, but should the heavy 
motor traffic increase in volume, as is expected, greater and more 
permanent strength will be required than is conferred by mere surface 
treatment. 

That this is a serious question may be gathered from the following 
estimates :— 

The total length of main roads in England and Wales is about 
27,500 miles, while the length of trunk roads is about 5,000 miles. 
The cost of yearly tarring alone of all roads ... = £1,500,000 
The cost of constructing foundations and paving with 

pitch macadam the 5,000 miles of trunk roads = £20,000,000 
and probably a further sum of between 40 and 50 millions will be 
required adequately to widen and improve the trunk roads alone. 

With these large figures in mind it is perhaps inexpedient for the 
time being to speculate as to the probable total cost of putting into 
proper order all the main roads of the country, but it may be assumed 
that the bulk of the extra expenditure on trunk roads will be incurred 
in the areas controlled by the county councils, the urban district 
councils and the rural district councils. . 

Now the annual expenditure of those authorities for the year 
1907-08, on ordinary maintenance was nearly £6,000,000, and is 
certainly much greater now. It is generally agreed that it would not 
be reasonable to expect these bodies to incur out of their own unaided 
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resources a further capital expenditure of between 60 and 70 millions, 
for the most part repayable in short periods, and this in addition to an 
extra annual charge of some 14 millions for tarring. ‘The question is 
one of finance, with which is closely connected that of administration, 
for if state aid is granted, clearly state supervision in some form or 
other must be established not only over the expenditure, but over the 
execution of the works also. 

The whole history of road legislation in this country shows that 
progress by way of centralisation has been gradual, sometimes slow, 
occasionally suspended, but only retrograde when, as in the Loco- 
motives Act of 1861, legislation was in advance of its time, and 
consideration of the course of events during the past few years, shows 
that the policy of the professional advisers of the Government is to 
hasten slowly. The greatest step taken in the direction of further 
centralisation was the formation of the Road Board in 1910. This 
Act was the natural outcome of the many conferences between road 
authorities and road users, whose deliberations resulted in something 
approaching agreement on the following lines :— 

(a) That motor owners should make considerable additional 
contributions, which should be applied to the upkeep of the roads. 

(6) That the application of the funds so obtained should be 
through some Government agency. 

The constitution of the Road Board is defined as being “for the 
“ purpose of improving the facilities for road traffic in the United 
* Kingdom, and the administration of the road improvement grant 
* previously mentioned." 

It is a matter of special interest to this Society that the Advisory 
Engineering Committee to the Board contains the names of two of 
our Past Presidents, one of whom, Mr. H. Percy Boulnois, was 
thelate City Engineer, and the other, Mr. John A. Brodie, the present 
City Engineer of Liverpool. 

The total sum placed at the disposal of the Board since its 
institution up to 1912, was over £2,000,000, and as an indication of 
the policy of the Board it may be stated that the grants have been 
allocated as follows :— 


Improvement of Road Crusts ... es 83 per cent. 
Road Widenings and Improvement of 
Curves, &c. "T Lh js 10 " 


Road Diversions, Reconstruction of Bridges 7 " 


100 per cent. 
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It will be noted that the bulk of the grants made by the Road 
Board have been for the improvement of road crusts, which indicates 
that in the opinion of the Advisory Committee the expenditure under 
this head is most likely to meet the immediate requirements of the 
traffic, and is moreover in accordance with the spirit of the resolutions 
issued by the Board in 1910. I may say that we appear to owe the 
expressive word "crust" now revived (as descriptive of the wearing 
surface ofa road) to Telford, who employed it in his specifications 
for main roads in Scotland. 

It 1s well to remember that as long ago as 1819, it was suggested 
to the Committee of Enquiry into the state of the public roads at that 
time that the whole of them should be placed under Government 
management. This was abandoned on the plea that it was contrary 
to public interest. "This no doubt was thought to be somewhat of a 
leap in the dark, and the procedure at present adopted is more likely 
to conduce to the building up of a strong central administration 
supported by the co-operation and confidence of all road users and 
highway authorities. 

It may now be profitable to consider briefly to what extent 
modern legislation with respect to locomotives on highways has 
affected local traffic conditions. 

In the first place the rapid transformation of horse-drawn carriages 
and cabs to motor cars and taxi-cabs in this city has been obvious 
to everyone, and I need not do more than show the results, 
based on the records of licenses issued from the City Registration 
Department. (Figs. 1 and 2.) 

There is unfortunately quite another story to be told with regard 
to the statistics of heavy motor vehicles, and the progress (if progress 
it can be called) can only be described as disappointing. In order to 
ascertain if the state of affairs in Liverpool could be taken as a fair 
criterion of the conditions in Lancashire, I have obtained the particu- 
lars for Manchester, and also the administrative County of Lancaster, 
and as you can see, Liverpool compares very unfavourably indeed 
with the other areas. One fact stands out clearly and that is, that 
no impression as yet has been made on the “horse lorries,” the 
number of which stands practically unchanged. (Fig. 3.) 

The failure of the transport agencies and others to avail them- 
selves generally of the advantages of motor traction on and about 
the dock system, has excited considerable discussion, and just twelve 
months ago Mr. Danson Cunningham addressed the Liverpool 
Chamber of Commerce on some suggested methods of developing 
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DEVELOPMENT OF LIGHT MOTOR TRAFFIC. 
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motor lorry traffic in the port. The matter was referred to a 
Committee of the Chamber, who are now considering their report. 

I venture to suggest, however, that this is a question which may 
properly come within the purview of this Society, as from whatever 
standpoint it is examined, it appears to be one for settlement by 
engineers. 


DEVELOPMENT OF HEAVY MOTOR TRAFFIC. 


1905 1906 1907 1908 


1909 1910 IS 1912 1913 


Number of Two-horse Lorries at work in Liverpool  ... 5,000 
" One-horse " " " TT 2,000 
Total, unchanged for some years past... 7,000 


It is proposed therefore in the present Session to give the Society 
an opportunity of considering and discussing one or more phases of 
this question, the satisfactory solution of which is of such vital concern 
to the trade and port of Liverpool. 


Mr. Coanp S. Pain, Past President, said that it afforded him 
great pleasure to propose a hearty vote of thanks to the President for 
his excellent address, dealing with the question of road construction. 
Having, as a member of the County Council, much to do with the 
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question of roads in Cheshire, the address was of the greatest possible 
interest to him personally, and he hoped to bring it to the notice of 
the Roads Committee of the County Council, if the President would 
permit him to do so, in order that each member might be conversant 
with the interesting facts which it contained. 

Referring to the diagram showing the increase of motor traffic, 
Mr. Pain thought that if a line could be added representing the 
growth of such traffic in Cheshire, to compare with that in Lancashire, 
Liverpool and Manchester, 1t would be interesting and valuable. 

He had much pleasure in proposing a very hearty vote of thanks 
to the President for his valuable address, coupled with a request that 
the Council might be permitted to print it and incorporate it in the 
Society’s ** Transactions." 

Mr. C. H. DARBISHIRE, Past President, in seconding the 
Resolution, said that it gave him very great pleasure to do so. He 
congratulated the Society most heartily on having elected Mr. Cooper 
to his present office, as he would worthily maintain the high records 
of the Society. He had had the pleasure of knowing Mr. Cooper for 
many years, and the interest he had taken in the branch of engineer- 
ing to which he had paid particular attention had enabled him to give 
them an address of the greatest possible value, not only to the Society 
but to the country at large. The information contained in the address 
was not so generally familiar to road authorities as it ought to be. 
It had been condensed into a most interesting paper, and he cordially 
seconded the vote of thanks and also Mr. Pain's request that the 
President would allow the address to be incorporated in the Society's 
“ Transactions.” Finally, he wished the President a happy and 
prosperous year of office. 

The resolution was then put to the meeting by Mr. Pain and 
passed by acclamation. 

The PRESIDENT replied, expressing his thanks for the resolution, 
and said that it would give him great pleasure to allow the address to 
be printed in the * Transactions " of the Society. 
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19th November, 1913. 


FRANCIS E. COOPER, Assoc. M. Inst. C.E., President, 
in the Chair. 


EDWARD MoOrRGAN HUGHES and WILLIAM EDWARD THOMPSON were 
elected as Members ; and ARTHUR WILFRED OXFORD and JOHN STEVENSON 
STUBBS as Students. 


“Subways for Pipes in City Streets.” 
By F. T. Aman, Assoc. M. Inst. C.E. 


THE question of providing subways for gas, water, electric and other 
mains in the principal streets of cities has been the subject of discus- 
sion among municipal engineers for many years past, but without the 
production of much result. To the municipal engineer in particular 
it is a subject of much interest, and so far as the author knows, it has 
not previously been under consideration by this Society. 

The constant tearing up of the roads for laying new mains, repairs 
to existing ones, or other public services, is most disheartening to 
those whose duty it is to maintain a proper surface. The reinstated 
paving over trenches invariably subsides to a certain extent, necessi- 
tating repairs at varying periods. It is also a continued cause of 
complaint, and one of the stock grievances of the public, and rightly 
so, for it is a daily occurrence to see streets cut open and barricaded, 
causing inconvenience and obstruction to vehicular traffic and 
pecuniary loss and delay to men of business and tradespeople. It 
is only to be expected that these disturbances to the streets for 
the purposes of localizing some leakage or for reinstating a defective 
pipe will be always recurring unless some underground passage is 
constructed to receive the various mains. 

Mr. Newlands, one of the early city engineers of Liverpool, in a 
report more than 60 years ago, advocated the adoption of subways, 
and if his suggestions had been fully carried out a considerable saving 
both in money and annoyance to the public would have resulted. 
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As an example of the advantages of pipe subways it is interesting 
to note that Victoria Street, Nottingham, which will be referred to 
later, has not been broken open for 50 years, and consequently not a 
penny has been spent on reinstating the pavement during that period, 
except for ordinary wear and tear. 

Every street in large towns has to-day beneath its surface a com- 
plicated network of pipes and wires, many of them out of use and 
decayed. Drains, sewers, manholes and ventilators cut up the ground 
in every direction. One is almost led to believe from general 
observation that the very worst place to lay a pipe line is under a 
road, which is subject to pressure and vibration and settlement from 
the weight of traffic. 

It is alleged that the steam roller is responsible for many break- 
ages, and there are many instances of broken or perished gas pipes, 
where the gas has found its way into the sewer, resulting in an explo- 
sion, causing considerable damage and loss of life. There is an 
instance where a gas company made use of a large water main as a 
saddle on which to rest its pipes, and a serious break was only a 
matter of time. "There is also the recent instance at Coburg, where a 
terrific explosion occurred during a search for a leak of gas in the 
street, houses adjoining being demolished, six families buried in the 
ruins and a dozen deaths the result. 

Accidents of this nature frequently occur in different parts of the 
country, but it is only those which have fatal results that are brought 
to the notice of the public. 

Where pipes are buried in the ground it is impossible to examine 
or inspect them as to their condition, and it is only when undetected 
leakages which may have been going on for a long time become 
apparent that steps are taken to discover and remedy the evil. 

The loss entailed by the different public companies in this 
respect, taken collectively, must be enormous, while the deterioration 
of the pipes, which must necessarily take place when situated in 
subsoils of a variable nature, is also a serious item. 

These leakages may cost anything from 20s. to £20 to discover, 
to say nothing of repairs, while in Westminster alone the opening and 
repairing of trenches in the streets costs from £20,000 to £30,000 
each year. In the whole of London during one year it is estimated 
that over 100,000 openings are made in the streets. 

In Liverpool during the year 1912 there were 43 miles of trenches 
made in the streets, representing an expenditure of £10,500. 

As an example of the network and complications below a busy 
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thoroughfare in the centre of a city it is not necessary to go very 
far. Fig. 1 represents a portion of South John Street, not far 
from Lord Street, Liverpool, showing the various mains. It is by no 
means a bad case, but may be regarded as typical of most business 
streets. On the upper side of the street along the footway there are 
three lines of electric light mains, then an 8-inch gas main, a brick 
sewer with a 24-inch water main on top, an hydraulic main, a telephone 
conduit with two manholes, a 24-inch gas main and a 4-inch gas main. 
Below all these and running at right angles is another large sewer and 
several branches from the other pipes and wires also at right angles, 
and in addition to these it is necessary to imagine a multitude 
of small connections to the premises on each side of the street. 
This illustration will be sufficient to indicate the engineering diffi- 
culties to be overcome in constructing a subway in an existing busy 
thoroughfare. 
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It has been argued that where pipe subways are most required, 
viz., in existing streets such as the case referred to, it would under 
present conditions be impossible to introduce them. The many 
vested interests and amount of compensation which would have to be 
met would render the scheme prohibitive, and owners whose property 
might be interfered with by the formation of a subway would also 
require compensation. 

The first question which always arises when subways are proposed 
is, as to who shall pay or contribute to the cost. The companies 
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who would benefit will not, they also object to pay rent for the use of 
them and prefer to break open the street and reinstate the surface 
whenever occasion requires. Gas companies have further objections 
on account of the possibility of leakage and explosion, which may 
involve them in heavy damages. 

Parliament in the past has freely granted powers to private com- 
panies which practically set aside the authority of Municipal Councils. 
These companies will offer the greatest opposition to any scheme 
which might cause them disturbance, notwithstanding the ultimate 
advantages to themselves and to the public generally. Unfortunately, 
there is no law which will compel a company to alter its mains and 
use a subway when one is provided. 

Owing to these difficulties it is not surprising to find that there 
are very few examples of pipe subways in this country, but where they 
have been introduced they have undoubtedly proved their value, 
although practically in all the cases they have been constructed only 
in short disconnected lengths, without any general scheme for a 
complete system. This necessitates special and intricate work in 
gathering together the various pipes at the entrance and the redistri- 
bution at the exit of the subway, but even these disadvantages should 
not deter their adoption whenever opportunity offers. 

Undertakings of this nature would come under the head of 
permanent works and the cost could be defrayed by a Government 
loan, and repayment spread over a period of 30 or 40 years. ‘The 
powers necessary to enable local authorities to construct. subways 
would therefore have to be authorised by Parliament and provision 
made to meet the objections of the companies. Where the local 
authority is the owner of the gas, water, electric and other services 
the matter is much simplified, but where there are several interests to 
be considered, any scheme is rendered almost impracticable owing 
to the expenditure which would be involved as compensation for 
which Parliament is not likely to make any grant. 

There does not seem to be any question but that the cost of con- 
struction should be borne by the local authority as a public utility, 
and instead of charging the companies an annual rent, a lump sum 
contribution might be made, calculated on what the cost would 
have been to lay and maintain pipes in the street. It must also be 
borne in mind that the life of iron pipes would be considerably 
increased if placed in a subway. 

Where it is possible the construction of a subway should also 
include the construction of vaults below the footways, and the 


22 AMAN ON SUBWAYS FOR PIPES IN CITY STREETS. 


abutting frontagers might reasonably be expected to pay for the use 
of them. This would appear to be a possible source of income 
which could be adjusted so as to pay the interest on the initial outlay, 
and eventually prove the subway to be a profitable undertaking. 
There is, however, the difficulty that where such vaults are built 
alongside private property, the frontagers are not always disposed 
to pay rent and occupy them, but where the local authority is the 
owner of the land adjoining the street, the renting of the vaults can 
be provided for by making it a condition, when the land is sold for 
building purposes, that they shall be occupied and paid for. 

Where new streets are laid out in the centre of large towns, 
subways could be, and frequently are, provided ; they can under these 
conditions be economically constructed to a design which would pro- 
vide ample space for present and future requirements, and, combined 
with vaults, would prove self-supporting. 

No definite form of construction can be laid down which would 
be applicable to all conditions. Each individual case must be 
designed to meet the special requirements and accommodation 
necessary. The nature of the ground, the safety of buildings, the 
maintenance of traffic, and the continuance of services to the premises 
adjoining must all be taken into consideration. 

Efficient ventilation and drainage are important, and should 
receive careful consideration, so that the dangers arising from any 
temporary leakage may be reduced to a minimum. It has been 
proved by observation that the temperature in a subway does not vary 
more than about 5 degrees Fahr., while the range of temperature of the 
outside air amounts frequently to 30 degrees. The temperature in 
existing subways varies from about 40 to 45 degrees Fahr. during the 
winter and summer months respectively. 


ST. HELENS. 
Fic. 2. 
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Provision should be made for duplicating all mains, and the 
subway should be of sufficient dimensions for prospective require- 
ments. This is difficult to estimate, but unless some allowance is 
made in the first instance, overcrowding will be the result, when the 
evil which subways are intended to obviate would be as bad, if not 
worse than the original condition of things. 

To pass on to the illustrations, in Fig. 2 is shown a cross section 
of a subway in St. Helens. When the horse tramways were purchased 
by the Corporation and reconstructed for electric traction the oppor- 
tunity was taken to construct a pipe subway along certain of the main 
thoroughfares, Ormskirk Street, Church Street and Raven Street. 
It is constructed wholly of concrete with the exception of a 43-inch 
ring of blue brick to form the arch round which the concrete is laid. 
The concrete also formed the foundation for the paving of part of 
the street. The subway is 6 feet 6 inches high, 5 feet 6 inches wide, 
and 680 yards in length. It is ventilated by open gratings 100 feet 
apart and lighted by electricity ; all fittings, switches, &c., are water- 
tight and air-tight, and every precaution has been taken so that in 
case of a leakage of gas the light can be turned on without fear of an 
explosion. It has an inclination corresponding to the surface of the 
street, and is drained at frequent intervals by trapped gullies connected 
with the sewer, in addition to which a special large size drain is placed 
at the lowest level and connected with the sewer as shown in the 
section. This is to be used in case of emergency should a serious 
burst take place in the water main. The drain is closed by a valve 
which is operated from the street level. Access to the subway is 
provided for by a side entrance at each end, and one in the middle, 
with manholes in the footway similar to that shown in Fig. 4. The 
entrances must, of course, be of ample size to admit lengths of pipe, 
and working space for the men. Accommodation is provided for an 
18-inch gas main, two water mains, telephone and electric light mains. 
The house connections are passed through 6-inch earthenware pipes 
laid below the roadway at frequent intervals, and the positions of cross 
streets are indicated in the subway by name plates fixed on the wall. 
The cost of this subway is stated to have been £7 per lineal yard, 
including the side entrances and electric lighting. 

Fig. 3 is in Albion Street, Glasgow. It is somewhat similar in 
general arrangement to St. Helens, but slightly larger, and constructed 
of brick instead of concrete. It is 6 feet 6 inches wide and 7 feet 
high, and accommodates two 8-inch gas mains, a 9-inch water and a 
3-inch hydraulic main, also electric supply cables carried on iron 
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brackets built into the brickwork. The house connections, as in the 
previous case, are made through 12-inch earthenware pipes, and where 
a connection is required from a pipe to the opposite side, the branch 
is carried upwards and bent round on the underside of the arch, so as 
not to interfere with the headroom in the subway. Its length is only 


GLASGOW. 
Fic. 3. Fic. 4. 


130 yards, and there is an entrance at each end, the arrangement 
of which is shown in Fig 4. The entrance is 13 feet wide and 7 feet 
high, and accessible from manholes in the footway. The ventilation, 
lighting and drainage are similar to that adopted in the St. Helens 
subway. The cost of this, including the entrances, was approximately 
£10 per lineal yard. 
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There is an excellent example of a pipe subway in Victoria Street, 
Nottingham (Fig. 5), which makes the best use of the full width of the 
street of 48 feet. The central tunnel for pipes is 10 feet wide and 
8 feet 6 inches high, constructed as a brick arch, and has the merit of 
providing ample working space. As already mentioned, these works 
were carried out 50 years ago. The house connections pass through 
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side tunnels, 4 feet high and 3 feet wide, each tunnel communicating 
with two vaults. The vaults are 8 feet high and occupy the full width 
of the 10-feet footways. By this arrangement the whole of the service 
pipes and wires are at all times accessible and open to inspection. 
The vaults are rented to the tenants adjoining for storage purposes. 
The subway contains gas and water mains in duplicate, and electric 
light cables, and telephones are carried on frames attached to the 
brickwork. An ordinary pipe sewer lies immediately below the 
subway and takes both the domestic and subway drainage. 


Fig. 6 is a form of concrete construction accessible from manholes 
in the middle of the road instead of side or end entrances. In this 


case a sewer forms part of the structure, with air-tight manholes along 
the gangway. It is preferable, if possible, to keep the sewer separate 
and distinct from any pipe subway, with a separate system of venti- 
lation, as sewer gas is sure to find its way into the subway. The size 
of this is also too small to permit of free working and manipulation of 
the pipes. 
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Fig. 7 is an example of a duplicate subway with a duplicate series 
of mains. Such an arrangement could well be carried out in the 
case of the formation of a new street. Connecting tunnels would be 
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avoided, and the length of house connections reduced to a minimum. 
These would be passed through openings left in the concrete side 
walls. Subways of this description. about 6 feet high and 5 or 6 feet 
wide, might very well form part of the laying-out of all new streets, 
and if constructed simultaneously would not add very greatly to the 
cost. The gas and water mains being in duplicate would naturally be 
smaller in size than a single main, and although the cost of these 
would probably be a little more than that of the single pipe, the 
expenditure on making the house connections would be correspond- 
ingly reduced. The cost of laying the mains in the road would be 
saved, and ultimately the duplicate pipes, with proper maintenance 
and longer life, would prove to be the cheaper arrangement. The 
main sewer is here shown in the middle ‘of the road, in the usual 
manner with drain pipe connections from the houses. The sealed 
trap in the subway would appear to be a convenient means of obtain- 
ing ready access, but it is a doubtful arrangement owing to the fumes, 
which, when the seal was opened, would find their way into the 
subway instead of the open air. 


Road /eve/ 
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Fig. 8 is another typical example, 10 feet wide and 7 feet 6 inches 
high, with arched roof formed in concrete. "The main feature in this 
arrangement is the type of iron supports for pipes of various sizes, the 
large ones at the bottom and the smaller at the top ; the pipes at the 
back would be somewhat difficult to manipulate, as it would necessitate 
lifting them over those in front. Iron brackets or hooks should be 
built in the brickwork to carry cables and wires. Side entrances 


AMAN ON SUBWAYS FOR PIPES IN CITY STREETS. 27 


would, as in some of the previous examples, give access from the 
footway, where a large manhole would permit of standard lengths of 
pipes being lowered. 

Where a considerable amount of money has been expended it may 
be desirable to admit the ratepayers to view the interior and see how 
their money has been spent. The ordinary pipe manhole would not 
make a suitable entrance, and special stairways would have to be 
provided, to be used as occasion required. In situations where 
there is ample road space above, an underground public convenience 
could be constructed alongside the subway. This could also be used 
as a means of easy access for officials and workmen. 


NEW YORK. 
Fic. 9. 


Fig. 9 does not properly come within the category of pipe subways, 
but it is an interesting example of a shallow tram subway below the 
street, and is a case where a pipe subway could with advantage have 
been introduced. The New York Rapid Transit Railway has a total 
length of 25 miles, of which about 14 miles is below the main streets, 
including Broadway and Fourth Avenue, 150 feet wide. The middle 
tracks are for fast traffic, and the outside tracks for stopping trams and 
short distance passengers. 

The method of construction consists of steel columns and cross 
girders and is kept as close up to the street surface as possible. Steel 
columns of light section are placed between each track and only 5 feet 
apart, so as to permit of the shallowest girder overhead. The close 
spacing of the columns was also adopted with the object of minimizing 
the gravity of an accident. If the columns were widely spaced, a 
derailed train might, in addition to wrecking itself, cause the structure 
to collapse and bring down the street above. The smallness of the 
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scantlings also has the advantage of ease of handling during erection 
in a confined space. 

It will be readily understood that the construction of this subway 
involved practically the entire reconstruction of the street, and a 
rearrangement of the whole of the sewers, gas and water mains along 
the route. Large mains such as 36-inch were replaced by two or 
three smaller ones, and where smaller pipes and wires crossed at right 
angles, they were carried along the sides of the cross girders. Large 
sewers were either laid along each side of the subway or syphoned 
underneath. A pipe subway on each side might very well have been 
included in this scheme, and although no provision of this kind was 
made, many miles of sewers, pipes and cables had to be diverted, and 
in One instance it was necessary to construct an entirely new outfall 
sewer, 6 feet in diameter and one mile in length. 

An interesting point in connection with the construction of this 
subway was that the vaults or cellars below the street were regarded as 
public property, and only held under license from the city. The 
owners, therefore, only received, as compensation, the price originally 
paid to the city for the right of use. A few instances dated back to 
early colonial times, when the original price was stated in bushels of 
wheat, and the compensation paid in these cases was the market value 
of grain on the date of settlement. 
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Figs. 10 and 11 show an example of subway construction in 
reinforced concrete. It has the advantage of occupying less space 
and is more economical as compared with other forms of construction. 
There is, however, the disadvantage that the roof portion would require 
several weeks to set and harden before the traffic could be turned on, 
and when compared with the time occupied in fixing steel trough 
decking the disadvantage is a very serious one. 
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This type of subway, 12 feet wide and 8 feet high to the underside 
of the cross beams, would be suitable for a busy street 40 or 50 feet 
wide. The pipes and cables are carried in steel framework, which 
affords the maximum amount of space for carrying out repairs and 
inspection, but would entail some expense in maintenance, as the 
steelwork would require constant attention to preserve it against 
corrosion. House connections can be made at any level to suit 
circumstances by building in earthenware pipes, or holes can be 
formed in the concrete at regular intervals. The service pipes from 
the mains would be carried on the cross beams overhead from either 
side as might be required. 

A well appointed pipe subway should contain a narrow gauge 
tramway track, properly equipped with rolling stock for conveying 
and handling heavy pipes, either for laying additional mains or for 
renewing existing ones; such a tramway should, if possible, be con- 
nected to a store yard or railway depot, so as to obviate extra handling 
of the material. The estimated cost of this subway is about £20 per 
lineal yard, but an estimate in such a case must be taken as very 
approximate, as so much depends on local circumstances and 
engineering difficulties ; it is, of course, exclusive of compensation and 
the removal of any existing mains in the street. 
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Fig. 12 is a cross section of Kingsway, London, opened in 1905. 
Here there is a combination of pipe subways, a tram subway and side 
vaults. This example represents the most recent practice, and is 
probably the best arrangement yet carried out. Kingsway, 100 feet 
wide, being an entirely new thoroughfare, the construction of the 
subway was free from the difficulties always present when they are intro- 
duced in existing streets ; it was therefore an excellent opportunity to 
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construct them and so avoid any opening up of the street surface in the 
future. It will be seen that the subways occupy the full width of the 
street, with the exception of the portions along which the trees are 
planted. The double tramway track in the middle occupies a width of 
20 feet, and is 13 feet 6 inches high and about 3 feet 6 inches below 
the street surface. The height of 13 feet 6 inches is only sufficient for 
single deck cars, but this has the advantage of reducing the number of 
steps which would otherwise be necessary to the low level stations, and 
also reduces the length of the incline at the end up to the street level. 
The subway is constructed of 8 to 1 concrete with a #-inch skin of 
mastic asphalte as a damp course. The pipe subways on each side 
of the tramway are 12 feet wide and 7 feet 6 inches high, formed of 
two rings of brickwork backed by concrete, and the floor is laid with 
3 inches of gravel. 

A special Act of Parliament was obtained to compel the companies 
to lay their mains and cables in these subways. The house con- 
nections are passed through 12-inch earthenware pipes built in every 
10 feet apart. Below the centre of the pipe subways are sewers, 
4 feet 6 inches by 2 feet 8 inches, with 6-inch connections every 
30 feet apart for the drainage of the premises adjoining. Continuous 
vaults have been constructed below the footways and these are 
let off to tenants, and cross walls built according to the length of 
frontage. 
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BLACKWALL TUNNEL. 
Fic. 13. | Fic. 14. 


Fig. 13 is a small subway constructed in Cavendish Place, 
Manchester, for the purpose of conveying the electric light mains 
from the generating station. It is 10 feet high inside and 5 feet wide, 
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and about half-a-mile in length. The cables, as will be seen, are 
carried on iron brackets fixed to an angle iron bent round the inside 
of the subway. It is built in brickwork on a concrete foundation, 
with an asphalte damp course filling a cavity in the walls. At the 
present time brackets are fixed on one side only, and as the extension 
of the system takes place brackets are added. When completed 
there will be a clear gangway of 2 feet 4 inches along the centre of 
the subway. 

Fig. 14 is a section of the iron-lined portion of the Blackwall 
Tunnel. There are, of course, several examples of tunnels below the 
Thames, but this is interesting to the extent that a pipe subway is 
provided below the cartway. The length is nearly a mile, exclusive 
of the open approaches. The space provided for the pipes is 12 feet 
wide and 5 feet 6 inches high, formed by an arch, which supports the 
roadway. On each side below the footway is a small trench for 
electric light mains. The drainage from the carriageway is collected 
by gullies 50 feet apart connected to 9-inch drain pipes discharging 
into a sump from which the water is pumped to the surface. The 
ventilation is provided for by openings at intervals along the top of 
the tunnel, and pipes from these are continued downwards outside the 
casing to the subway below the road, where the outlets are connected 
to an exhaust main. It is intended to construct an additional subway 
of 15 feet diameter alongside the existing one, for the use of foot 
passengers only and so to relieve the cart tunnel of pedestrians. 

In these few notes it has only been possible to refer to a few of 
the various types and arrangements, good and bad, for pipe subways 
which have been suggested or carried out. In addition to these 
there is the question of subways for foot passengers, involving more 
or less similar considerations, and of which there are several well- 
known examples. 

One of the most recent may be seen at the end of the Victoria 
Embankment, opposite Blackfriars Bridge, opened for traffic in 1909. 
It is 10 feet wide and 8 feet high, constructed of brickwork on a 
concrete foundation, with a steel trough-decking roof. The cost was 
about £17,000, equal to £100 per yard of length, the greater part of 
which was spent in alterations and rearrangements of underground 
mains and sewers. It is doubtful whether the expenditure on foot 
subways is justified, as experience has shown that only a small per- 
centage of the public avail themselves of these provisions ; they prefer 
to risk their lives and cross the street on the surface rather than 
descend and ascend a few steps and cross in safety. 
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This type of subway, is, however, somewhat outside the scope of 
these notes, and is only referred to as showing that their introduction 
as well as that of pipe subways depends to a great extent on the 
practicability of dealing with the sewers and mains which encumber 
the ground, and the cost which would be involved in diverting them. 

The whole question of subways in streets is always surrounded 
with troublesome and perplexing difficulties, engineering, legal and 
financial, to overcome which the greatest tact and perseverance are 
required. 


The Paper was accompanied by diagrams, which are reproduced 
as illustrations in the text. 
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DISCUSSION. 


The PRESIDENT, in moving a vote of thanks to the author, said 
that the paper had been a very interesting and instructive one, and 
one which should lead to an animated and profitable discussion. He 
agreed with the author’s views practically all through the paper, but 
in regard to the question of the deterioration of the pipes, which 
was referred to on page 19, the nature of the ground was really 
the matter which affected the life of the pipes to a great extent—for 
instance, the existence of chemical waste in a town such as Widnes, 
was bound to have an important bearing on that point. Even in 
Liverpool there were areas.in which what was commonly known 
as “blue billy" had been tipped in considerable quantities which 
would penetrate almost anything, and brick sewers had been quite 
disintegrated by its action. That, of course, would apply with just as 
deadly effect to a subway, and therefore precautions would have to be 
taken where anything of that nature was known to exist. 

The author’s remarks regarding vaults in the carriageway appeared 
to be very optimistic. In this city the trouble in laying a line of 
pipes was that there were far too many vaults already in existence. 
They were attached to premises over which the municipal authority 
had no control. There were one or two places in the neighbourhood 
of the Town Hall where it was impossible to get anything in at all 
beyond what was already there, owing to the space occupied by 
vaults. 

On page 22 it was suggested that the variation in temperature in 
a subway was only five degrees between summer and winter, but it 
would seem that if a subway was efficiently ventilated there was bound 
to be a greater variation. 

He was not favourable to the proposal for placing sewers in sub- 
ways; it would be extremely difficult to keep the sewer manhole- 
covers always tight—theoretically they were tight, but they were 
frequently nothing of the sort. 

Mr. FRANK E. PRIEST first referred to the excellence of the 
diagrams by means of which the author had illustrated his paper. 

In discussing the paper, he was influenced by a favourable view 
of the use of subways, although he was fully alive to the many 
difficulties and troubles that they presented, and which would require 
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considerable skill in their prevention. It did not do to assume that 
all risks would be overcome by substituting a subway for the hap- 
hazard destruction of roads, which had apparently been the principle 
up to the present time. For instance, the results of escapes of gas in 
a subway must be infinitely more serious than those which resulted 
from the escape at Coburg, therefore, one of the prime necessities 
if a subway was intended to be used for the inclusion of gas mains 
was to take such precautions as would make an escape of gas practi- 
cally impossible. The President had referred to the question of the 
corrosion of pipes, but it would not do to assume that the corrosion 
of pipes would be less in a subway than it was in the ground, because 
in very many cases the ground was an excellent preservative, whereas 
the atmosphere that might enter the tunnel might have a destructive 
effect on the pipe material. 

With regard to the great cost of the Blackfriars Subway and to 
the author’s remarks relative to its comparative disuse, the reason 
appeared to be very clear. Traffic dangers were greatest to old people, 
but whilst the subway offered a refuge to those old people it also 
offered a flight of steps which were not negotiable by them, and there- 
fore, as could be seen at Blackfriars, at the bottom of Parliament 
Street and other places, old people would not face those steps but 
preferred to amble across the streets at the peril of their lives. The 
author had alluded to the difficulties of instituting a system of subways, 
and they were no doubt very real. The difficulty of making the 
people who were going to benefit by them contribute to their cost was 
one that applied to all such matters. If Parliamentary powers were 
sought, one was faced with an insuperable barrier to progress in the 
Clauses Acts applying to the various classes of work. The Clauses 
Acts were, each in its own place, very important Acts and most useful, 
and the makers of them were to be commended, but an Act passed 
in 1847 was not an Act of universal application in 1913, and yet any 
water company, gas company or electric power company simply 
incorporated those Acts in its Bills of to-day, and opposition was 
futile, and would be futile unless by some combination of the largest 
towns, such representation could be made before a Committee as 
would show good reason for altering those fixed clauses. 

In the construction of subways, whatever form might be taken, 
difficulties of some sort would occur, and in almost every form shown 
on the author’s diagrams, only half the problems had been met, because 
no matter what provision might be made for the mains which were to 
be housed in the subways, the breaking up of the streets was not 
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done away with, as connections were not provided for, and as 
in a street both sides were customarily lined with houses, each of 
which required a connection, the street consequently would have to 
be cut across transversely in many places in order to reach the subway 
from the houses. That, he thought, suggested the desirability of 
avoiding the central tunnel and having subways under the footpaths 
on both sides. In that way connections could be made between the 
houses and the mains within the subway itself, and probably it would 
be found desirable to make the walls with bays of comparatively 
thin curtains, because no matter how ample provision might be 
made for connections in the way of pipes built in the walls, it 
was almost inevitable that most of them would prove to be in the 
wrong places. 

Subways probably offered an opportunity for doing what he did 
not remember having heard of being done, that was, of connecting 
all flues from the houses to a main flue instead of having chimneys. 
The flue could be kept under partial vacuum, so that all gases and 
smoke could be drawn toa station to be dealt with, and until that 
was done, whether gas fires took the place of coal fires or not, the 
trouble of polluted atmosphere could not be overcome. 

In the case of sewers the difficulty might be overcome, and an 
advantage of having them inside the subway might be gained if they 
were exhausted, so that the tendency to leakage of air would be 
inwards to the sewer, and so prevent largely the germination of those 
foul-smelling gases which were the trouble, and also it would do away 
with the necessity for trapping and tend to ventilate the whole system 
in a scientific manner. 

The subway was not the place for tramway traffic. Whilst it was 
very desirable to reduce traffic on streets, particularly in the centres 
of towns, in putting tramcars underground the passengers were left 
on the surface as a rule, because passengers did not care to go for 
rides in subways. Subways, on the other hand, were an excellent 
place for the heavy traffic passing through the town and they might 
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streets the heavy slow-moving carting traffic, which hampered and 
detained the fast traffic. If that were done it would not only free 
the streets of a certain amount of traffic but it would facilitate the 
passage of the traffic that was left. 

Mr. Coarp S. PAIN observed that the great difficulty that 
appeared to attend the question of subways, was that of dealing with 
existing streets. Ifthe diagram showing the underground section of 
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South John Street were drawn fully, it would show an enormous 
complication of mains and branches. The branches were of course 
omitted, and, as Mr. Priest had properly remarked, that was the 
difficulty in all those cases where old roads had to be dealt with, 
that the branches must make confusion worse confounded, because 
if an attempt were made to deal with any of the inner lines of pipes it 
would be almost impossible for a workman to get round them. He saw 
no reason, however, in laying out new streets, why something of the 
kind should not be attempted. Whether a central tunnel with a series 
of side entrances for the drains, or whether the tunnels were taken on 
either side under the footwalks, or otherwise, there was always the 
difficulty of getting branches from one side to the other, and apart from 
that aspect of the question, if the cost of the subways under existing 
streets were considered, it simply meant that every gas main, every 
water main and every electric main would have to be practically 
relaid, which would entail a fabulous expenditure. 

With regard to the subject of vaults, the whole question would 
have to be dealt with by an act of Parliament to give the municipalities 
the power to carry out the work. He quite agreed with Mr. Priest 
that the conveyance of people underground by tramways was 
objectionable, although theoretically it was an excellent way of 
freeing the streets. In dealing with new streets, the New York 
system would appear to be the right one, that was, to excavate 
the street 10 feet deeper than would be otherwise necessary, 
and to make the concrete foundation of the roadway the crown 
of the arch of the subway. By that means it was possible to 
have a subway the whole width of the street or roadway open for all 
purposes required, and he believed that would be cheaper than the 
proposal in Fig. 5, in which passages were shown on each side. Unless 
the suggestion made by Mr. Priest were adopted, of having pneumatic 
tubes for the sewers, the question of gradient of sewers became a serious 
one unless the sewers were put underneath, which would add very 
materially to the cost. One enormous advantage would arise from a 
pneumatic system, viz., that for the first time in history there would 
be watertight sewers, and the number of rats would be reduced 
enormously, and as rats were one of the chief agents in the carrying 
of disease, that would be an obvious advantage. The question of cost 
would of course be a very serious one, but in laying out a new town 
it might be worth while. 

Mr. Priest’s idea of a flue was an excellent one, and would be one 
of the simplest ways of remedying the smoke nuisance. 
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Mr. J. R. Davipson thought that the author had chosen a subject 
for his paper in which many good reasons could be brought forward 
in support of his theories. At the same time, an equal number of 
good reasons could be urged on the opposite side. The great advant- 
age which the author claimed to be derived from the adoption of pipe 
subways was the avoidance of opening the ground either for laying 
mains, repairing existing ones, or reinstating, and he had put forward 
figures stating the amount of money spent annually in Westminster 
and in Liverpool, respectively, in making and repairing the necessary 
openings. 

Mr. Davidson would lke to ask the author whether if his 
suggestion were adopted, anything more than a small fraction of those 
amounts or those numbers of openings would be saved. So far as 
water mains were concerned they were, of course, above suspicion, 
but there was no doubt that practically the whole of the openings 
were made in streets and in places where there would be no subway. 
Practically the whole of the main extensions were laid in the out- 
districts where subways would be quite out of the question. The 
mains in the city might be put in subways, but even then, for every 
side connection that was made there would still be the opening down 
from the surface, and when the matter was analysed the saving in the 
opening down would not be very great. The business portion of the 
city of Liverpool, as was generally known, was covered with a most 
extensive system of fire mains, which did not exist for domestic supply 
purposes solely, but for fire protection. Taking Dale Street for 
instance, there were three large fire mains running down that street, 
and for every street opening off Dale Street there was a cross main, 
and they were all connected with the other side, and so on over the 
whole system. At each one of those connections there were valves 
for the purpose of isolating any defective lengths of the main. It was 
quite obvious that if those pipes were in subways, all the valves 
would have to be brought to the surface, and with mains as shown in 
the author’s diagram, one on top of the other, it would be extremely 
difficult to actuate all those valves from the surface. So far as the 
repair of those mains was concerned very little trouble was experienced 
in maintaining them ; there was not more than one break per annum 
on any one of those big fire mains, so that the saving would probably 
not be so great as that paragraph on page 19 would lead one to 
suppose. 

The second point claimed was in regard to the increased life 
of the pavement, but he would like to ask the author whether it 
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was really found that the life of the pavement was shortened by 
the occasional cutting up. 

Mr. Priest had referred to the leak of gas at Coburg, but it would 
have been infinitely more serious if it had occurred in a subway. 

He understood that each of the subways shown by the diagrams, 
with the exception of that in Glasgow, was made as part of the 
construction of a new street, and practically it might be said that in 
no place had anybody attempted to make a subway in an existing 
street. The cost in such a case would amount to considerably more 
than the £10 per yard stated in the paper. 

Again, there were certain dangers which would be incurred by 
combining all those mains, &c., and though he hesitated to say very 
much in the presence of gas engineers, he would strongly object to be 
associated in a subway with a large gas main and an electric cable 
with high voltages all together. 

There was one point that might be brought out. Paris had the 
largest number of underground galleries of any city in the world, and 
they had been used, exactly as the author had suggested, for carrying 
all these pipes and wires. Several serious accidents had occurred 
owing to the escape of gas, and now the gas and electric mains had 
been wholly removed. 

There was recently what might have been a very serious accident 
in St. Helens. A fire occurred in the subway, the electric installation 
was burned out and a large escape of gas occurred. In Paris, in spite 
of this system of underground galleries, there was no doubt that the 
paving was as bad as in any of the first-class cities of Europe. In 
Liverpool, which the author would say had no pipe subways, there 
were the very finest stone pavements in the world, so that would rather 
discount the claim that the pavement would be improved if these 
subways were constructed. As a matter of interest, however, it might 
be pointed out that Liverpool was not entirely without pipe subways, 
in fact, it possessed one which was as long, if not longer, than anything 
outside London. In London the total length of pipe subways was 
about one mile. In Liverpool there was a pipe subway 1,000 yards 
in length. It was constructed about 1853, and ran down Kensington 
and Prescot Street to Moss Street. It was 6 feet 8 inches wide and 
9 feet 4 inches high, about two-thirds of its length being in rock, and 
the remainder lined with brickwork. It carried two 18-inch water 
mains, which required constant attention, and many of the joints 
leaked continuously, whereas mains laid in the same streets in the 
earth did not leak to anything like the same extent. Further, those 
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pipes laid in the subway were more expensive to maintain. The 
outside corroded very quickly, and unless they were very carefully 
dealt with, the pipes would probably have a short life. 
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Mr. R. E. GiBsoN said that the subject of the paper was one of Mr. Gibson 


considerable interest to gas engineers. For most purposes a 
great deal could be said in favour of pipe subways if properly 
constructed and thoroughly ventilated, but for gas distribution 
purposes there were some good reasons why the present method was 
to be preferred. It was stated in the paper that Mr. Newlands, one 
of the early city engineers of Liverpool, more than 60 years ago 
advocated the adoption of subways, and if there was any intention at 
that time of laying gas mains in those subways, perhaps it was just 
as well that his advice had not been acted upon. 

With reference to the arguments that had been put forward in 
favour of subways; first, in regard to the tearing up of the streets, 
with the consequent annoyance to the public, the expense and some- 
times the bad reinstatement of the paving, those disadvantages must 
be admitted, but they might be reduced very greatly if the authorities 
worked together. There was a very excellent arrangement at the 
present time, whereby the Gas Company were notified in ample time 
beforehand of the Corporation’s intention to repave streets, and the 
Gas Company had the opportunity of overhauling the mains in those 
particular streets, and of renewing services and doing everything 
needful before the new paving was laid. That policy saved a great 
amount of trouble and expense afterwards. So far as he was aware 
the Gas Company had never ripped up newly-paved streets, except at 
. a time of great emergency. 

The author had mentioned that the vibration and pressure of 
traffic in the streets caused breakage and damage of mains. The 
breakage of a gas main was so very rare an occurrence that it might 
be neglected in this connection. Then there was the question of the 
impossibility of examining buried mains. Cast-iron mains, however, 
lasted so long that it was unnecessary to examine them after they had 
been placed in the ground, provided that they had been properly 
inspected and tested before being laid. In the case of wrought- 
iron services, a considerable amount of corrosion did take place, 
but even if the mains were placed in subways, as had already 
been pointed out, the services would be inaccessible outside the 
subways. 

With regard to the deterioration of pipes laid in the ground, cast- 
iron pipes lasted for generations, and there were many instances of 
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gas mains getting on for 100 years old, and therefore, that point need 
not be considered. 

So far as the variation of temperature was concerned, at a depth 
of 2 feet 6 inches below the surface of the ground, it appeared to him 
that the temperature was not more variable than it would be in a 
subway. No trouble was experienced in gas mains from expansion 
and contraction. Perhaps it depended somewhat on the method of 
jointing. 

From a gas engineer’s point of view there were many reasons 
against the proposals; first, there was the liability of leakage of gas, 
which had already been fully referred to. If, somehow, an explosive 
gaseous mixture were formed in a subway, the consequence would 
be most serious if it became ignited, and might result in damage 
and loss of life. For that reason, if for no other, gas mains should 
be kept out of subways. In the case of gas mains laid under the 
surface of the ground, there was the probability of any leakage being 
noticed immediately. Escapes of gas could be easily detected owing 
to the strong smell, and so the leaks could be located and promptly 
attended to, and serious accidents avoided. Ina subway an escape 
of gas would become dangerous much sooner than under the usual 
circumstances, and might not be discovered in time to prevent 
serious Consequences or inconvenience. Again, it was very desirable 
that pipe-layers who were dealing with live gas mains should be out in 
the fresh air. Lastly, there was the question of cost ; apart from the 
capital cost of the subway and the cost of its maintenance, in many 
cases duplicate mains would be necessary, and much greater care 
would have to be exercised in making joints, whilst the restricted 
amount of working space, the provision of supports, and the running 
of services through the walls of the subway would all add to the cost. 
Extra valves also would have to be provided, so that each length of 
main within the subway could be cut off at any time if required. 
The danger of flooding was also a serious matter. Assuming that 
there were large water mains in the subway, if one burst there might 
be serious flooding, and the gas mains being buoyant might be 
moved. 

In conclusion, he would say, let the water mains, electric cables, 
telephone wires and other services be placed in subways if desired, 
but let the gas mains be left beneath the surface of the roadway as at 
present. By doing so the congestion would be relieved without 
placing the gas distributing system in a position for which it was 
wholly unsuited. 
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He was much interested in Mr. Priest’s suggestion to connect all 
flues from the houses to a main flue instead of having chimneys. 
No one could deny that under present conditions the atmosphere 
was polluted to a vast extent by the black unconsumed smoke of the 
domestic and other chimneys. Such an arrangement, if carried out, 
would bring about a great improvement in the state of the atmosphere. 
He did not, however, agree with Mr. Priest that the trouble of a 
polluted atmosphere could not be overcome in any other way. He 
was strongly of opinion that the nuisance would be avoided if gas 
fires and smokeless fuels were universally used instead of coal fires. 

Mr. A. J. Eames, referring to the last paragraph on page 21, 
stated that the life of a 3-inch iron pipe laid in the roadway 
was at least 50 years, whilst if laid in a subway the useful life would 
probably not exceed half that time. Two pipes which were laid 
in the Mersey Tunnel about 25 years ago were now in such a con- 
dition that cables could not be drawn through them again, and the 
conditions there were similar to those which would exist in a subway. 
There were good reasons why the subway was not always suitable 
for telephone cables. One was that the subway might not be in the 
direct route desired to be taken. Telephone cables often cost £1,200 
per mile for material only, and therefore if not laid by the shortest 
route the extra cost would be considerable, in addition to the electrical 
disadvantages due to the increased length of the cable. 

Mr. G. CARRUTHERS THOMSON remarked that from his observa- 
tion of the methods employed in maintaining underground mains, he 
was in favour of the subway proposals. In a recent case on the 
Birkenhead side, the road was first opened down for the water main ; 
the trench was refilled and the pavement reinstated, when a few days 
later the gas authority’s men appeared. They sank down in the same 
trench almost to the water pipe and filled up the trench. ‘Then came 
the electricity people and laid their pipes on the top of that again. 
By a little co-operation between the departments a great deal of time 
and expense might have been saved. 

He would be interested to know how long the subway shown in 
Albion Street, Glasgow, had been constructed. The whole of that 
district had been rebuilt under the City Improvement Act during the 
last few years, and in that case there would be no difficulty in putting 
down a subway there. He had been a little disappointed not to hear 
any mention made of one of the largest subways in this country, viz., 
that in connection with the Central Underground Railway in Glasgow, 
through one of the busiest streets in the city. The construction 
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adopted was somewhat similar to that in New York. All the existing 
sewers, of course, had to be rearranged. 

Mr. Priest had referred to the use of side channels for taking the 
fumes from the chimneys. The Smoke Annihilator Co. had been 
formed some 25 years ago, whose object was to bring all the flue gases 
of the town into pipes, convey them to a central place and there treat 
the gases and remove all the valuable constituents contained in them. 
The project, however, was not successful. A method had been tried 
long before that in Manchester, by passing the gases though lime 
water (Johnson's patent). 

Mr. Thomson thought that it was inviting trouble to put cast-iron 
pipes on steel or wrought-iron standards. The steel and wrought-iron 
would not stand, but there was no difficulty in connection with cast-iron. 

Mr. B. RicHARD Isaac, as one who had been in business for 
the past 30 years in South John Street, was particularly interested in 
the diagram of that street. The street was generally ** up" for some 
reason or other. He would be interested to know the position of the 
fire main, which was not shown in the diagram. 

The AuTHOR, in reply, expressed the opinion that the discussion 
had proved far more interesting and instructive than the paper. The 
question of subways was one on which there were great differences of 
opinion, and there were many arguments to be urged for and against 
their adoption. Mr. Priest had referred to the question of the 
preservation of pipes in the ground as compared with those in 
subways, but the author's contention had been simply that in the case 
of pipes laid in a subway, they were open to periodical inspection, 
and consequently could be better preserved. With regard to the 
question of opening up the road for the purpose of making connections 
to houses from a central subway, this would be provided for by laying 
9-inch or 12-inch earthenware pipes, at intervals from the subway 
during construction, to the premises on both sides, as indicated on 
several of the diagrams, so that there should be no opening up of the 
road. 

Mr. Pain's remarks relative to passenger tramways in subways 
opened up a very big question. Kingsway was an example, but the 
tramway referred to in the paper was intended only for the conveyance 
of material and pipes for repairs, &c., and need not be more than 
15-inch or 18-inch gauge. 

In reply to Mr. Davidson’s remarks, the question of cost was 
usually the factor which determined their introduction, but the question 
of annoyance and inconvenience to the public was equally if not more 
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important, and should receive due consideration. A subway was an 
expensive work to construct, particularly in an existing street, but 
once there, it was down for all time. He was familiar with the 
subway to which Mr. Davidson had alluded, and which was con- 
structed to accommodate those two pipes, but there was no room for 
anything else. It was rather surprising to hear that the joints of these 
pipes leaked so badly considering that they were so easily accessible. 

Mr. Gibson’s remarks were very interesting, and he had concluded 
them by saying—“ put all mains in a subway except the gas mains,” 
of course, the water authority would say similarly—* put all the 
“mains in a subway except the water mains,” and so on. 

Mr. Eames had stated that the life of cables in roads was 50 years, 
and in subways only 25 years. That opinion, being presumably based 
on practical experience, was valuable, but it was difficult to understand 
why pipes, if carefully looked after, should not last at least as long in 
a subway as in the ground. 

He was unable to give the date in answer to Mr. Thomson’s 
questions relative to the period at which the Glasgow subway was 
constructed, but he thought it was a good many years ago. There 
were, of course, other subways of more or less importance that might 
have been referred to in the paper, but it was not possible to mention 
them all, and those referred to might be taken as typical examples. 


CORRESPONDENCE. 


Mr. GEoRGE R. BayLry thought that the members of the Society 
were to be congratulated on having brought before them in an 
admirable paper a subject which was of interest not only to engineers 
but to all whom business or pleasure led through the streets of a 
city. Any plan designed to obviate the frequent breaking up of road 
surfaces, with its accompanying annoyance and expense, deserved 
careful and sympathetic consideration. 

The author had pointed out some of the difficulties which had 
faced those who had constructed subways in city streets, and showed 
that a few of these had been already solved in the light of experience. 
The provision of side tunnels or pipes for conveying service pipes to 
consumers’ premises did not, however, appear altogether to obviate 
the necessity for some—though it might in some cases be slight— 
disturbance of the paving. It was usual to provide stop-cocks on 
these services for cutting off the supply when desired, without going 
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into the premises, and in view of the regulations which were necessary 
to control access to a subway (but the observance of which might 
waste valuable time when prompt action was essential), it would 
appear desirable that these cocks should be readily controllable from 
the street level, as at present, by opening a small box and applying a 
key. If, unfortunately, the side entrances provided were not in a 
position suitable to the buildings subsequently erected, as was found 
in Southwark Street, London (one of the earliest streets in which a 
subway formed part of the original design), the depth and area of the 
excavation required for making a connection were greater than would 
be needed in the case of a main laid in the earth, the obstruction to 
traffic extended over a longer period, and the difficulty of making an 
early permanent reinstatement was increased. It would be interesting 
to know if the author had met with any workable suggestion for 
avoiding these troubles. 

The question of temperature had a very important bearing on the 
cost of maintenance of pipes in subways. In some cases the range 
must be considerably greater than that recorded by the author’s 
informant, as the contraction of the pipes in winter weather had in 
some subways been found to cause leaky joints, leading in the case of 
water mains to the formation of long icicles and in gas mains to such 
a leakage as to necessitate the use of safety lamps by the men 
working in the subway. 

Speaking generally, it would appear that the value of subways was 
greatest for the reception of large trunk mains, the connections to 
which were comparatively few in number and could be readily foreseen 
and provided for. 

The AUTHOR, in reply to Mr. Bayley’s remarks, referring to the 
matter of stop-cocks being controlled from the surface, stated that 
there would be probably no difficulty, in that it would only mean 
carrying the rods up to the surface, as had been done in the case of 
the St. Helens subway. With regard to the positions of the side 
entrances, if the vaults were continuous the division walls could be 
put in wherever required to suit the length of frontage. With reference 
to the question of ventilation, the five degrees variation referred to 
applied to one particular subway; the variation would naturally 
depend to some extent upon the efficiency of the ventilation, but in 
any case the range of heat and cold would not, in the author’s opinion, 
be so great as on the surface. 
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3rd December, 1913. 


WILLIAM E. MILLS, in the Chair. 


* Railways for Development Purposes." 
By G. Kenyon BELL, Assoc. M. Inst. C.E. 


THE Author proposes in this paper to deal with the location and 
construction of railways for developing new countries, as distinguished 
from those which might be built for light traffic in older countries, 
and the question is looked at from the point of view of the steam 
engine, though there is no doubt that in some cases the perfected 
internal combustion engine, or motors deriving their power from a 
hydro-electric installation would be more economical in every way. 

When comparing costs of lines in new countries with English 
railways it must always be remembered that in the former, railways 
are looked upon as essential to the development of the country and 
must be encouraged in every way, to which end many important 
concessions are made. 

The land necessary for the right of way costs practically nothing 
except near towns, and in some cases is given free by the Government 
with a thousand, or so, acres to the mile besides, in addition to which 
they may guarantee the railway company's bonds up to a certain 
amount per mile. Then for thousands of miles there is probably no 
necessity for fencing, another expensive item, and it is unlikely that 
- where there is no fencing, any signalling arrangements will be fitted, 
in fact, the signalling arrangements are generally very primitive and 
only railways which have passed the development stage can be said to 
have any efficient method of signalling at all. Nor can they be 
blamed, as there is really no necessity for elaborate signalling arrange- 
ments because the number of trains passing over the line 1s so small. 

Then another expensive item that is cut out is the necessity, even 
near towns, for costly bridges at road crossings—-most roads can be 
crossed on the level with no more elaborate structure than turning 
the fence in and putting cattle guards on the track. There need be 
no gates, vehicular traffic being supposed to look out for itself. 
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All road crossings have, however, to be passed in Canada by the 
Board of Railway Commissioners, and in the United States by the 
Interstate Commission, and at their meeting anybody in the district 
may raise an objection, which will be carefully investigated and, if 
absolutely necessary in the public interests, the railway company will 
be forced to put in a subway or overbridge, though this is very rare, 
except near very large towns such as Montreal, where the Canadian 
Northern Railway are putting in about twenty subways, and in 
Toronto, where the Grand Trunk have been forced to do away with 
all their grade crossings. 

In Canada, any land which the railway proposes to cross with its 
line, may, after the location has been approved by the Board of 
Railway Commissioners, be expropriated if the railway company and 
the owner cannot come to terms. One or more members of the 
Board come to the district, see the land and hear both sides, after 
which they give their decision, and expropriation notices may be 
served. ‘The railway company may enter into possession 30 days after 
the notice has been served. In the States it is very much the same, 
with the exception that in the State of Maine, at any rate, the railway 
company can enter into possession immediately, as soon as the 
location is approved, even before the land under dispute has been 
seen by the Interstate Commission, which at once presents the 
objection that the railway company may immediately pull down any 
buildings, &c., on which the owner bases his claim to higher pay, and 
so when the Commissioners come down they have to be guided 
mainly by hearsay. 

The first consideration when planning a new line is, of course, 
whether it will be financially sound and pay a fair profit on the 
capital. ‘This sounds rather a trite statement to make, as it would 
naturally be expected that this would be the first condition, but one 
constantly comes across lines which are on the verge of bankruptcy 
owing to the traffic of the country through which they run having been 
badly overestimated. 

There was one in the author's experience in Canada, promoted by 
a big financier, which got into difficulties during construction and 
finally had to be wound up. | As far as the author could see, even if 
bankruptcy had been averted and the line built, the shareholders 
would not have had any dividends for many years, as there was not 
the freight in the country. The only hope for this line would be 
that it might in time have a fairly heavy summer passenger traffic, 
providing people would go and live along it. 
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Another very important point is that the cost of construction must 
be kept down as much as possible ; by this it is not meant to imply 
that shoddy work must be done, but that all the little extras and 
embellishments which go to make a railway more luxurious must be 
omitted. All the more permanent structures ought to be carefully 
located and well built, but such extras as goods stations and extra 
wide cuts and fills are to be avoided. By all means buy enough land 
in the first instance to build a larger station with plenty of sidings, 
but do not put it in until the traffic warrants it. 

In an old country, the railway problems are generally essentially 
different from those in a new country, even though there are a 
quantity of lines in the former which may fairly be termed develop- 
ment lines, as they rely for their revenue solely on the mineral or 
goods traffic from a certain district. They have been built to 
develop that district and not to enter into competition with any 
railway already established. Railways may, however, be built in a 
developed country to give more rapid communication between 
existing towns. 

In a new country, time 1s not quite such an important factor ; a 
train going at 20 miles an hour appears to be very fast to a farmer 
who has been used to getting his goods to town, over very bad roads, 
at an average speed of 24 miles per hour. 

Before the railway came with its one or two trains a day, the 
people had to drive to the nearest town, and, in consequence, 
naturally did not get too far away from it. "The result of this is, that 
all along the line in a country such as Canada, there are vast tracts 
of land, often splendid for farming, which are absolutely unpopulated. 
These are the kind of lands which the Dominion of Canada gave, and 
is still giving, to railway companies which are opening up new 
country, in addition to guaranteeing their bonds up to a certain 
amount. 

The promoters of a railroad in a district of this type are quite 
justified in concluding that this land will be taken up by farmers who 
will eventually ship a considerable amount of freight. If it is bush 
country so much the better for the railway company, as the cost of 
construction is lessened and they can use up a great deal of the 
lumber for their trestles and structures. For instance, on the Baro | 
Kano Railway in Northern Nigeria practically all the sleepers were made 
from a kind of bastard mahogany which grew in the bush through which 
it ran, thereby saving a great deal of expense in importing sleepers. 
One disadvantage of bush country is that it takes about ten years before 
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it is fit for farming purposes, as the farmer just cuts the trees down 
and leaves the stumps to rot in the ground ; after about ten years they 
can be pulled out by a pair of horses with a chain and burnt, and not 
till then can the land be ploughed. Thus it is to the advantage of 
the railway company, provided that the land will ultimately become 
good farming land, to ship all the lumber away either for building 
purposes or pulpwood, and leave the land to itself for a few years. 
This, naturally, results in passenger traffic being more or less dis- 
regarded, which is fairly true in a new country, freight being the 
paying factor. 

As distinguished from this there is the railway which is built to 
convey the mineral from a certain district, in which case the problems 
governing the location and working are very different, as quite 
different gradients can be used, owing to the trend of the heavy traffic 
all being in one direction. 

The question of gauge is a very absorbing one, and perhaps has 
been responsible for as many heated discussions as any other engineer- 
ing problem. The author is strongly in favour of putting in the 
English standard gauge whenever it can be considered humanly 
possible that the freight which the extra width will allow will pay 
for the increased cost of construction. There are naturally very many 
cases in which it is only possible to put in a narrow gauge line, as in 
rocky country where the expense of building a standard gauge road 
would be prohibitive, narrow gauge lines being able to go round 
obstacles with a much smaller radius curve than the standard gauge. 
However, in a case where it is conceivable that the traffic will in 
future years increase to such an extent that the standard gauge with 
its larger carrying capacity will pay for the conversion, it 1s advisable 
to make the masonry work of all bridges wide enough, especially in 
difficult places, to take the larger gauges. In this case the curvature 
must be taken into account, as it is no good making the permanent 
structures large enough for the double track if the curves are too 
sharp for the economical working of standard rolling stock. Carrying 
this theory of building structures extra wide a little farther and apply- 
ing it to the standard gauge, it is advisable on a main line, where at 
first only single track is laid, but which in time may have to be 
widened to double track, to construct all bridge piers and abutments 
long enough to take the extra width, even though the girders for the 
double track are not put in then. 

When a pier is being built in the first instance, it costs com- 
paratively little more to add ten feet or so to its length. If this is left 
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until the widening is undertaken, the cost is much greater, especially 
in the case of piers in water or water-bearing strata, as new dams have 
to be built and kept dry, or in a minority of cases new caissons sunk, 
and in the end the job will probably not be satisfactory, as it will be 
most difficult to make a good joint between the old and the new 
work. That it is possible to deal with heavy loads on a narrow gauge 
is instanced by South Africa, which has a gauge of 3 feet 6 inches, over 
which very heavy trains are drawn, but the great thing is to avoid a 
change of gauge between two railways which may interchange traffic, 
which is very wasteful both of time and money. 

After gauges, come the equally important questions of gradient and 
curvature, in fact they are more difficult, as they are continually 
cropping up, whereas the gauge when settled is done with definitely. 
In this connection might be mentioned the one case where a change 
of gauge on the same road is allowable, i.e., where the standard gauge 
runs right up to the base of a mountainous ridge, which either would 
have to be tunnelled or crossed by a long detour at the maximum 
grade. In this case it is probably preferable to put in a rack or cable 
railway and go right across the range rather than construct and main- 
tain an adhesion line with heavy gradients, which may be two or three 
times as long. 

In a line for developing a country, the expense of building a tunnel 
is generally at first prohibitive, so the only alternative to the rack is a 
detour ; later on, when the traffic becomes heavier, either the rack or 
the detour will have to be done away with and the mountain tunnelled, 
as in the case of the Canadian Pacific Railway and the Kicking Horse 
Pass line through the Rocky Mountains. This line as originally built 
had one curve of 262 feet radius with no superelevation, and only one 
guard rail.* The gradients for the 7 miles from Kicking Horse Lake 
through the same pass were rather interesting, and may be quoted ; 
j-mile at 3°5 per cent. (1 in 28:5), 34 miles at 4°5 per cent. (1 in 
22:2), 31 miles at 2:2 per cent. (1 in 45:4). t This is all against the 
Eastbound or heavy traffic. Since then, however, the 4°5 per cent. 
grade has been eliminated by means of spiral tunnels. 

Some of the older colonial lines seem to have been built with an 
absolute minimum of expenditure on everything, both on surveys and 
construction, with the result that they are now spending large sums of 
money in grade revision. Asan instance of aline which was built 


* Minutes of Proceedings Inst. C.E., Vol. CXXXII., page 26. 
t Minutes of Proceedings Inst. C.E., Vol. LXXXV., page 105. 
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with a minimum of expense may be mentioned a portion of the old 
Great Northern in the Province of Quebec. This line runs through 
rough farming country, very rocky for a portion of its length, and is a 
succession of reverse 10 and 12 degrees curves (87 chains and 7:3 
chains) on 24 per cent. (1 in 40) grades. It was built purely as a 
colonization line, and appears to go round any rock larger than a 
haystack. Asa matter of fact, it isa moot point even now, some years 
after it was first built, whether the traffic would have justified any 
extra expenditure on construction. 

Another somewhat similar road was the Red River Valley Railway 
in Manitoba, which was built in 1887 to Canadian Pacific Railway 
standards, practically along the original surface of the ground, as 
is shown by the fact that the earthworks averaged only 6,000 cubic 
yards per mile, though this is not very extraordinary, as there are 
hundreds of miles of prairie roads which average about this amount. 

The Wolgan Valley Railway in New South Wales in the first 
section has grades of lin 50 against the heavy traffic, and 1 in 30 
against the light, and on the second section from Deane the heaviest 
grade is l in 25 on a 5-chain curve. 

In South America, the Central Railway of Peru has grades of 1 in 
25 and 1 in 28:6, practically continuously for 90 miles. These are all 
adhesion lines, and it brings forward the rather interesting question 
of what is the maximum grade for adhesion lines, The author has 
seen it freely stated that 1 in 40 was the absolute maximum, but all 
these lines have been worked economically and are paying concerns. 
It all depends on the weight of train that it is proposed to haul, and it 
is interesting to note that in Canada and America, where they have few 
trains per day, but have enormous loads, up to 1,000 or 2,000 tons, 
the tendency is to have extremely low ruling gradients, and a fairly 
easy curvature, as for instance, the Canadian Northern, which for a 
distance of 1,000 miles on the Montreal and Port Arthur line has a 
standard of 0:6 per cent. (1 in 166:6) against Westward traffic, and 
0:4 per cent. (lin 250) against the Eastbound traffic; there is one 
grade of ten miles at 0:5 per cent. (1 in 200), but this is the heaviest 
against the East-bound traffic and is compensated for curvature. 
The standard of curvature is the same as on most Canadian railways, 
i.e., 6 degrees (14:4 chains), though there are quite long stretches 
where a 4 degrees (21:7 chains) limit holds. It is the custom of this 
road to put in spiral or transition curves for all curves sharper than 
2 degrees (43°4 chains). In some cases on a transcontinental road it 
is impossible to avoid exceeding the maximum grade, which either 
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means that the train load has to be reduced, in which case it auto- 
matically becomes the ruling gradient and might have been used 
before, or a provision is made that it shall be worked by pusher or 
pilot engines; the pusher being at the back of the train, has the 
advantage of reducing the immense loads on the couplings. 

Some exception may be taken to the statement that it becomes 
the ruling gradient, as many heavy inclines might only mean a loss of 
time to the train, but it must be remembered that time in a train ina 
new country does not matter very much ; freight trains may very easily 
be a day late, and the merchant orders his goods accordingly, hence it 
is not a case of speed up a bank but ability to drag a load up it at all. 

In the case of a railway in which the traffic is all one way, such as 
a mineral road, the question of grade becomes slightly different, as it 
is not necessary to bother about the gradients on the return or empty 
journey, so long as they are easy for the heavy traffic. If, as some- 
times happens, there is a heavy train on the return journey it is quite 
easy to put another engine on the train. 

After the broader problems have been decided, the more or less 
subsidiary ones have to be looked into, such as the width and side 
slopes of the road bed, types of rail and sleepers to be used. The 
first one is more or less easy, and Canadian and American practice 
might be taken as a fair example. 

In cuts for single track lines, standard gauge, the averages at 
formation level are:—For rock, width 20 feet; side slope 1 to 4; 
common, width 22 feet; side slope 14 to 1. In common, the ditch 
on each side is 3 feet 6 inches wide at the top, though larger ditches 
are used in deep cutting. The widths of embankments are from 14 
to 16 feet with a slope of 1 to 1 for rock, and 14 to 1 for earth. 
Wherever in a cut there is a layer of earth on top of rock, a berm 
of usually about 6 feet is left at the junction of the two (Fig. 1). 
In special cases, of course, slopes and width are altered to suit the 
circumstances. 

The types and sizes of rail are much more fruitful of discussion, 
whether to have the bull-headed or the vignole section of rail, and 
when that is decided, the weight to be used. Undoubtedly, the best 
form of rail is the bull-headed in conjunction with chairs, as at 
present in use in England, but the advantages of this type, in a new 
and sparsely populated country, are rather apt to be overlooked, when 
compared with the cheaper and quicker method of construction with 
the vignole. For one thing the speeds are considerably less, so that 
it is not anticipated that such a perfect roadway will be required. 
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Taking the weight per yard of the two types of rail as the same, 
there is to be added to the cost of the bull-headed, the initial cost of, 
and transportation charges for, the chairs. Then track-laying with 
the vignole can be done much quicker, as it is only a case of putting 
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the rails on the sleepers and driving in spikes. The disadvantages of 
the vignole rail are many, one of the worst being the danger of spread- 
ing and the constant attention the spikes require, in fact, many sleepers 
have to be taken up long before they are really worn out. Also, this 
type of rail has a very bad effect in cutting into the sleepers, especially 
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on curves, and in this respect it is interesting to note that American 
railways have for some time adopted a modification of the chair, 
called a tieplate. In the case of a broken rail, chairs offer a much 
firmer hold, and an accident is not nearly so likely to result as in the 
type where there is no chair or only a tieplate. 

In some countries, in order to cheapen construction, development 
lines are built with part worn rails from a main line; this is not 
advisable, as these rails very seldom make a sound road ; they can, 
however, be used with advantage for sidings. 

The question of the type and material of sleepers to be used 
depends more or less on the country, as in some places there is hardly 
any possibility of using timber, owing to the expense of treating the 
wood, which would otherwise be destroyed by the ravages of such 
insects as white ants, so that here the choice of the railway company 
is confined to steel, iron or reinforced concrete. 

In countries where wooden sleepers can be used with economy, 
it becomes more or less a question of what size they shall be and 
whether they shall be treated or untreated. In well timbered 
countries, as when the pioneer railways of America were built, there 
is, generally speaking, no economy in creosoting sleepers, as owing 
to the small initial cost of the timber, the extra life given by treating 
them does not show any saving, and in many cases is a direct loss. 

. The present Canadian and American size of sleeper is 8 feet 
by 8 inches by 6 inches, but the general consensus of opinion is that 
this is rather small, and some roads, such as the New York Central 
and Pennsylvania, are calling for one 8 feet 6 inches by 7 inches by 
7 inches, which is considerably less than the English standard of 
9 feet by 10 inches by 5 inches, but then it must be remembered that 
American sleepers are spaced 22 inches apart. 

In Europe there seems to be a great divergence of opinion as to 
the value of steel sleepers, various countries such as England and the 
Netherlands having tried but abandoned them, while in Germany and 
Switzerland the percentage of steel to wooden sleepers is increasing. 
The type most in use at the present time is of the inverted trough 
design, usually about 8 feet 6 inches long with a top width of from 
4 to 5 inches and a bottom width of from 8 to 93 inches, the weight 
being from 140 to 180 lbs. In India cast-iron box-form sleepers of 
approximately the same shape as wooden ones are in use, as well as 
steel, and both are said to give good results. The great objection to 
iron and steel sleepers is that they make a very noisy road bed, 
especially when used in conjunction with crushed rock ballast. 
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Reinforced concrete sleepers of various types have been tried, and 
have for the most part proved satisfactory, though they may be said 
to be in the initial stage when compared with steel or wood sleepers. 
In most types at present in use, the portion just under the rail and 
for a certain distance on each side of it is slightly wider and more 
heavily reinforced than the rest of the sleeper. The Pennsylvania 
Railroad, on a section where the traffic was very heavy, put in reinforced 
concrete sleepers, 8 feet 6 inches by 12 inches by 7 inches, which 
proved to be very satisfactory. The large bearing surface made it 
possible to use 27 per cent. less of these sleepers than if the standard 
wooden ones were used. As many designs of reinforced concrete 
sleepers are very heavy, some weighing from 400 to 500 lbs., it has 
been found that they form too rigid a road bed for high speed, but 
that they are excellent for slow speed and for sidings, where their life 
is almost everlasting. 

Taking it for granted that freight considerations of the country 
to be traversed are satisfactory, the next thing to be done is of course 
the survey. Here again there is a vast difference between an old and 
anew country; in the former there are existing accurate ordnance sur- 
veys up to a very large scale, so that by using the 6 inches to the mile 
or its equivalent, a railway may be located in the office, from which 
there need be very little deviation when the survey party starts on the 
ground. In most new countries, there are, of course, surveys of a 
sort, but they necessarily are very approximate, most of the up-country 
lakes and rivers being put in by guesswork. Thus it generally turns 
out that the engineer who conducts the preliminary survey is told to 
get a line to connect two towns which may be a hundred or more 
miles apart, through country which neither he nor anybody else 
knows anything about. The preliminary survey in this case is a very 
rough and ready flying survey, in order to get an approximate idea of 
the lie of the land, and the best way for getting men and provisions into 
the country. As the first duty of the engineer is to get a line through 
and let the survey party which follows put in the refinements, it 
follows that he must be very good at his job and above all things 
must be used to the bush, unless of course there is no bush in the 
country he is going through; unless he is a good bushman, he is 
almost certain to go wrong in the woods. 

River crossings (Fig. 2) are a very important point in a survey, 
especially in a new country, since in most cases they must be easy, 
both on account of the ordinary expense of a difficult crossing, and 
what is much more important, the extra expense owing to the district 
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in which the crossing is situated. In some cases it is not too much 
to say that a crossing which necessitates caissons and very long 
spans is absolutely impossible, owing to the difficulty in getting the 
materials up, unless a railway were constructed specially for the 
purpose. It must always be remembered that the usual methods of 
transporting materials in unexplored country are by native carriers 
or some other equally primitive means, such as canoes, and that the 
load they can carry is very small indeed, which results in the initial 
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cost having been multiplied by four or five by the time the material 
arrives at its destination. 

All these points the locating engineer must bear in mind, and 
he has to find a crossing which will satisfy them, even if it necessitates 
a slight deviation. When near a large town the position more nearly 
approaches conditions in England, as the river has to be crossed more 
or less at a fixed point, and so the best crossing has to be found 
within very narrow limits. 

Having decided on the maximum curvature and gradient, survey 
parties are sent out with definite instructions as to these, and as to 
the amount of line they have to run. Any idea of trying to economise 
on the survey parties is to be deprecated, as on them largely depends 
the ultimate success of the line. 

It is no good even if the freight outlook is excellent to overburden 
a new line by over costly construction, equally it is bad engineering 
to build a line with heavy curvature and grades just to cheapen con- 
struction; the mean is the ideal and it is the engineer’s job to find this 
mean, and in some countries this is a very difficult task. On these 
points depend to a great extent, the operating expenses of the line, 
and in any new and difficult country, economising in the survey is a 
very dangerous proceeding, and the chief of a party, providing of 
course that he 1s a good man, ought not to be bothered about trivial 
little items of expense, which only loom large in the eyes of the official 
who is writing the letter. In any case the expenses of surveys do not 
show very much in a railway company's balance sheet, and a few 
hundred pounds extra may mean a saving of thousands in operating 
and maintenance expenses. 

To take a concrete instance ; the way the Canadian Northern 
Railway located in unknown bush country on the Sudbury Port Arthur 
line, a little over 500 miles, was as follows :—The first few summers 
were spent in exploratory work, so as to get a rough map of the 
country, as all the existing surveys of that part of the country were 
very misleading. From the maps so obtained a general route was 
decided upon, and the survey and location parties sent out. For this 
purpose Mr. H. K. Wicksteed, the chief engineer of surveys, evolved 
a method which worked very well indeed. The district was divided 
into two parts under the direction of two expert engineers, each of 
whom had charge of two full parties, one of which ran rough explora- 
tory lines ahead of the other, and kept from 15 to 25 miles in 
advance of it, while the second party ran the location. This was very 
useful in a wild country, as both parties could keep in touch with one 
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another and it was not much trouble for the division engineer to go 
from one to the other. They could both be supplied by the same 
freight canoes, and there was not the probability of the locating party 
running into a cul-de-sac, which would entail loss of time. 

A good average distance for a location party is 1 mile per day, 
and for a survey party 5 to 10 miles per day in fairly easy country, 
though in heavy country this is much cut down. (Figs. 3 and 4 show 
typical location plans and profiles.) 

In a new country one of the great essentials of construction is that 
it shall be cheap and good enough to last for ten years at any rate, 
meaning by construction all the structures other than earthworks and 
the heavier bridgework, especially the substructures of the latter, as it 
is false economy to cheapen these. 

It is assumed that the road will be able, by degrees, to do away 
with many of the temporary bridges, &c., and replace them out of 
revenue with up-to-date steel structures. In an undeveloped country 
it is absolutely futile to try and build the line with the same degree of 
excellence as in a developed one, as if this is done the company will 
be saddled with a capital account which will hamper it for years. 
The usual method in the undeveloped parts of countries such as 
Canada or the United States of America is to get a line through, 
well located, but with many of the bridges made out of timber, and 
all the stations, &c., of the most primitive type. (Fig. 5.) All these 
structures can be remedied later, when the line begins to make money. 
This is very much the same as the custom introduced into this country, 
the author believes, by the Great Western Railway, of providing small 
wayside halts for the use of the rail motors. "Traffic considerations 
do not require a large station, so a cheap structure is put up, which 
may be enlarged in time or, if necessary, abandoned altogether with- 
out much loss. 

Engineers in North America have often come in for a great deal 
of criticism from European engineers on account of their light and 
flimsy methods of construction, whereas they have undoubtedly done 
the only thing which could be economically sound. After all, timber 
trestles and cedar box culverts and subways are good for a number of 
years and do not require very much looking after until they have really 
passed their limit of usefulness. In the older established lines in 
North America very few wooden structures are being put in nowadays, 
except small box culverts and subways for cattle, called “cattle 
passes ” (Fig. 6), one of the chief reasons being the difficulty of getting 
cedar in suitable sizes. This is one of the best woods for this pur- 
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pose, as it is light and lasts well in an exposed position, and in 
addition, the foundation for a cedar box culvert need not be so good 
as for concrete, in fact, the wooden culvert is very often founded upon 
mud. One or two lines are now experimenting in reinforced concrete 
or corrugated iron pipes from 24 to 36 inches in diameter instead of 
cedar. These concrete pipes, weighing from 700 to 1,500 lbs. per 
section, 2 feet 6 inches long, are fairly easy to manage, and can be 
put into position very rapidly. 


End Elevation. 


Note. Ail Timbers 
are 10°s10" squared 
On three sides. 


= $ aS 


Plan with Capping Removed. 
Fic. 6. 


Typical Timber Cattle Pass. 


Provision is made in all Canadian contracts for cross drainage of 
cuts, but in the author’s opinion not nearly enough use is made of it, 
as it 1s very seldom that any cut has cross drains. What looms larger 
in the engineer’s eyes is the necessity of carrying off the water from 
the surrounding land, and it seems extraordinary what a tremendous 
quantity of water comes off a relatively small watershed after a day or 
two of torrential rain. In the spring, of course, a great quantity is 
expected, as about four feet of snow has to melt and be carried away. 
Thus most of the culverts constructed in the summer or autumn by an 
engineer who is unaccustomed to the country, result in a washout in 
the spring. The author remembers one stream, 12 feet wide, where 
he criticised the chief engineer’s decision in calling for a 50-foot 
opening, but afterwards on seeing it rise 8 feet in ten hours, he realised 
that the decision was correct. 

Canadian contracts for the earthworks are let by measurement, 
and the head contractor sublets most of it to smaller men, who in 
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turn may sublet again, though this is discouraged, as it is generally 
impossible for the sub.-sub. to make any money at all. An average 
7 or 8 mile section has about three sub-contractors for the grading, 
one for each large bridge, who may also take all the concrete culverts, 
one for the fencing and another for the telegraph line, the head 
contractor reserving cuts where a shovel will have to be used and the 
more difficult bridges. 

Grading on North American roads is divided into solid rock, loose 
rock, hard pan and common, while another form of specification 
which is gradually coming into use has only two headings, rock and 
all other materials. The freehaul in both cases is generally 500 feet. 
The solid rock is generally kept for winter work, when the ground 
is frozen too hard to touch with a plough, the period varying, of 
course, with the locality, but an average for Canada would be about 
from the end of November to the end of May. One advantage of 
working rock in winter is that it can be put in position with a 
minimum of plant, as the contractor makes a good sleigh road, and 
also some rough skids on which he can put all the rock that his staff 
will be able to handle. 

Practically the sole explosive used in Canada and the United 
States of America is dynamite, with from 40 to 60 per cent. of nitro- 
glycerine, though in the Kicking Horse Pass the Canadian Pacific 
Railway used 75 per cent. 

In most cases the holes are drilled by hand, one man holding and 
the other striking, though there is an increasing number of sub- 
contractors who are using steam drills. The only method of warning 
approaching people of a blast is that occasionally a man blows a 
horn, but generally the first sign is the noise, though in a town 
men may seize passers-by and push them back into safety. 

** Coyoting," or excavating a large chamber in a rocky hillside and 
blowing the whole hill to pieces, is forbidden in most contracts, as the 
Dominion Government is very much against it. "That is one of the 
few precautionary methods taken in using high explosives, most of 
the others being very primitive, dynamite quite often being thawed 
out in the stove as soon as the men's dinners are out of it, so that it 
will be ready for the afternoon. 

Hard pan and loose rock are generally pick and shovel and cart 
work, and are usually the slowest and worst paying portion of the 
whole section. 

Earth and clay are moved by a slush scraper, which is somewhat 
like a cheese scoop, except that it has two handles which are held 
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by the man who works them. The scraper is drawn by a team of two 
horses, and the teamster, unlike ploughing, does not load his scraper, 
but just looks after his team, the loading being done by another man. 
A slush scraper will hold about 2 cubic feet, while a wheel scraper, 
which is an enlarged improvement, will hold from 1 to $ cubic yard. 
The ground is first ploughed and then the scraper teams are turned 
on. A slush scraper is used where the haul is short, under 200 feet, 
as in making an embankment from side borrow work ; when the haul 
is longer, wheel scrapers are used, and they are economical up to 
about 500 feet, after which the best way is to erect a staging on to 
which the wheelers can go. This stage has a square hole, through 
which the wheelers deposit their muck into an ordinary cart under- 
neath. This is called trapping, and is generally used in any medium- 
sized cut. All these methods are very primitive, but it is very seldom 
that a sub-contractor is found who has any more plant than these, 
though some of them have rails and trucks, but use horses instead of 
engines to pull them. In any large cuts, which the head contractor 
may be doing himself, steam shovels and trains will be used, but it 
has to be very large so as to pay for the expense of taking the plant to 
the site. In one of the early Minutes of Proceedings of the Institution 
of Civil Engineers, it was stated that American roads usually wasted 
all their cuts and made up the embankments from side borrow 
work. ‘This has never been the author's experience in Canada, where 
wasting was discountenanced unless a very good excuse could be 
offered, and in any case, leaving out the extra cost of making the 
embankments, the heaps of wasted material are very unsightly, and 
in addition, side borrows are often exceptionally hard to drain. All 
material on the Canadian Northern Railway was ordered to be hauled 
to the limit beyond which it became more economical to waste and 
sideborrow, and even then the material had to be used if possible to 
widen the embankments within the limit of freehaul ; this limit, as 
already stated, is generally 500 feet, and beyond this, owing to lack of 
construction line, the cost of hauling by horses becomes very heavy. 

The slopes of earth banks and cuts are roughly trimmed, but no 
attempt is made to grass them, so that until self-sown weeds grow the 
side ditches always require a great deal of attention. 

There are very few problems in earthwork grading, the worst 
being where a line runs into a muskeg, which is a black bog and may 
be practically any depth. Where itis not very deep and if there is 
rock handy, the fill is generally made with rock, but if the swamp is ' 
too deep a method called crosswaying is introduced. "This consists of 
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laying trunks of trees across and along the line to a depth of one foot, 
with brushwood piled on top, and on this the embankment is dumped. 
This method is very similar to the first one employed on the Galway 
and Clifden Railway in Ireland.* It is rather interesting to note that 
in Ireland, after a few experiments, as timber was scarce, they did away 
with the crosswaying and constructed the embankments of peat and 
afterwards clayed them over, thus forming a waterproof cover. The 
objection to that in muskeg country is very much the same as the 
objection to crosswaying in Ireland, clay is conspicuous by its absence. 
The Irish line was drained by side drains well away from the centre 
line, with the result that after a while, as the line dried, it sank, in 
some places about 10 feet. No very marked effort is made to drain 
a muskeg, the line, if the crosswaying is well done, will hold fairly well, 
provided that the top layer of vegetation is not cut through, for if it 
is, it becomes exceedingly difficult to make an embankment at all. 
This is shown by another instance from the Galway and Clifden 
Railway, where cuttings had to be made through peat. The peat was 
excavated for a couple of feet below formation, and clay was tipped 
in to form a surface of sufficient strength to carry the load. A 
quantity of clay equal to twice that of the peat excavated had to be 
tipped in before subsidence ceased. While on the subject of muskegs, 
it is interesting to note that the trenches for the concrete mass 
foundations of steel viaducts have been sunk through muskegs in 
winter without any timbering, the muskegs being excavated to a depth 
of two or three feet and then allowed to freeze over night, excavation 
going on below that on the next day, and so on until the rock was 
reached. 

Canadian practice in bridging is well adapted to development 
lines in new country. Bridges, wherever possible, are built with a 
number of short spans, from 50 to 100 feet, so that the whole girder 
can be brought up on flat cars and placed in position by the derrick 
car, thus doing away with the necessity for any false work. While on 
the subject of bridges, it is rather interesting to note that none of the 
shorter span steelwork is designed by the railway company. They 
inform the bridge company as to the spans they require and the loads 
the bridge has to stand, and the latter design the girders. As all the 
main line bridges are built to a standard dead and rolling load, in 
most cases of spans under 100 feet no designing has to be done, the 
bridge company building the girders to the templates they already 
have in stock, which means cheaper and quicker construction. 


E * Minutes of Proceedings Inst. C.E. Vol., CXXXII. page 322. 
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Everything possible is done to eliminate the use of skilled labour on 
the ground; all that is left is to rivet the deck and longitudinal 
girders after once the derrick car has placed the main girders in 
position, and in some of the spans of from 50 to 60 feet the whole 
Span 1s swung out complete. As soon asa span is in and roughly 
bolted, the track is laid and the car moves ahead, the main idea being 
to get the bridge across the river as soon as possible, as all track 
laying on the other side of the river is held up until it is crossed. 

In most cases of these bridges where there is any depth of water, 
the concrete is put in in the winter, for many reasons, one being that 
the water is generally lowest from late autumn until after the ice goes 
out in April; this is accounted for by the fact that as soon as the 
ground begins to freeze up, the streams which supply the rivers dry 
up and the latter have to rely on the lakes in the North. The ice in 
Southern Ontario and Quebec goes out long before the rivers really 
start rising ; they may rise a foot owing to local thaws, but the real high 
water does not take place until about the middle of June, the reason 
for this being that they are fed from the woods in the North, and the 
snow in them does not start thawing until June. This, of course, 
causes the period of concrete construction work to be closed down 
from April to July. Another reason for winter concreting is that it 
does away with the necessity for runways, all the material being 
brought over the ice. ‘The disadvantages and method of carrying 
out are given in Appendix No. III. 

Coming now to tracklaying, this in an undeveloped country differs 
considerably from methods used in England, and perhaps the best 
illustration for comparative purposes will be to give the methods 
adopted on the Baro Kano Railway in Northern Nigeria and modern 
North American methods. 

On the Baro Kano Railway the formation was trimmed up and 
the line re-run with the pegs left standing about 3 inches above 
the ground and at the same time plugs were driven in at the edge of, 
and flush with, the formation level. Then came the ballasting parties, 
who laid the ballast with a top width of 8 feet, with the surface 7 
inches above these plugs, a V-shaped trench being left in the middle 
so as to leave the centre stakes in full view, and also to ensure the 
sleepers having a level bed to lie on. 

The sleepers were carried from 100 to 200 yards ahead of the 
train and thrown down across the furrow, afterwards being marked 
off and spaced 2 feet 6 inches apart. Track-laying itself was carried 
out directly from the construction train, in very much the same way as 
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anywhere else, except that provision had to be made whereby the 
native could carry the rails on his head. After about four lengths of 
rails were laid the track was straightened out and the spacing of the 
sleepers checked, and then the train was signalled ahead. About 
five miles behind followed the first lift party, who left the track 
accurately packed, straightened and graded to a final height of 12 
inches above formation level.* 

The North American procedure is rather different, as ballast always 
seems to be a difficult substance to find, and cannot be picked up at 
the side of the line as in the Baro Kano Railway. Most of the roads 
use a good clean gravel, crushed rock being rather expensive. The 
average ballasting freehaul may be taken as 15 miles. As the steel 
work for bridges is brought up to railhead over the new line, no time 
is wasted in ballasting and surfacing the earthworks, the latter being 
roughly trimmed, but small eccentricities of level are not bothered 
about so long as they are not big enough to put a permanent bend in 
the rails. The centre line is of course re-run before the steel gang 
come along, but they do not make any very great efforts to centre the 
track. The construction gang come up with the train and all track- 
laying is done directly from it either by hand or tracklayer. In some 
places the sleepers or ties, as they are called in Canada, are brought 
up by train, in which case they are piled in flat cars behind the rails 
and generally behind the engine ; sometimes, however, when there 
are good roads near the line they are brought up by cart and piled in 
the right of way between the fences. A small gang goes along in 
front of the train and puts the sleepers roughly in position, a con- 
struction track never being fully tied, as it is called, since that would 
take too long. 

The train follows up, pushing the flat cars on which the rails are 
packed, and they are unloaded on to a trolley and run forward ; as 
soon as a pair of rails is laid and two or three spikes driven in, the 
trolley goes forward to the end of it. The spikers follow behind the 
trolley and put in two spikes to each rail in every sleeper, and when a 
few lengths have been treated in this way the train is signalled forward. 
Various hand tracklaying records of 4 and 5 miles have been claimed 
for a day of 11 hours, but the best day's work the author ever saw 
was about 1} miles with a gang of about 100 men, and #-mile is 
generally considered a very good average for handlaying. 

Ballasting may not be undertaken for a month or two afterwards, 
and when it is done the track is straightened out and fully tied, the 


* R. E. Journal, April, 1911. 
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centre line being re-run and marked on each stake with a tack for 
this purpose; the ballasting lift is about 15 inches. The great 
objection to this method is that the rails and sleepers used for the 
construction trains are the final ones for the line, and naturally they 
get fairly bad usage. 

After the construction of the railway is completed, maintenance 
expenses in a new country are not usually very high at the early 
period of working, since in most cases traffic, to begin with, 1s not very 
heavy. For the first year or two the cuts and banks need constant 
attention owing to the side ditches becoming blocked, and the track 
continually has to be straightened until everything has become 
thoroughly consolidated. As traffic increases extensions such as 
double tracking, adding more sidings, improving stations and replacing 
timber by more permanent structures will be carried out as occasion 
arises, and eventually signalling arrangements will become necessary to 
regulate the more complicated working of traffic. 

It is when the more important extensions become necessary that 
the design, location and construction is put to the practical test, and 
the wisdom of having planned out the original work on broad lines 
will be amply justified in the resulting economy. 


The Paper was accompanied by diagrams and plans which are 
reproduced as illustrations in the text, and by three Appendices. 
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APPENDIX I. 


THE composition and pay of a survey party in Canada is generally as 
follows :— 

Chief of party ($150—200 per month); transit man ($100); 
leveller ($60— 80) ; head picketman ($40—45); back picketman 
($30—40); head chainman ($40—45); rear chainman ($30—40); 
rodman ($30—45); and axemen ($35) as required ; a draughtsman 
also at $60 is very often allowed nowadays. In heavy bush country 
there may be two or three axemen, but in ordinary country one is 
generally sufficient. 

If the party is working through sparsely populated country, where 
they will have to camp, a cook at $75 is also allowed. In addition to 
these wages the board of the whole party is paid by the Company. 

In wild country there will in addition be a regular service of freight 
canoes, manned by Indians, who will bring in the supplies and assist 
in moving camp, in which case a cookie at $30 also will be allowed 
to assist the cook. In winter, of course, these canoes will be super- 
seded by sleighs and dog teams driven by the same Indians. 


APPENDIX II. 


THE descriptions of the different classifications are as follows :— 

“Solid Rock" will include rock in solid beds or masses in its 
original position which cannot be removed without blasting, and 
boulders or detached rock measuring one cubic yard or over. 

* Loose Rock" will include all detached rock or boulders measur- 
ing more than one cubic foot and less than one cubic yard. 

* Hard Pan" will include cemented gravel, indurated clay, hard 
pan or combinations of the same, whose hardness is such that if in a 
suitable location it could not be ploughed by an average four-horse 
team. 

* Earth ” will include all other materials. 

Note.— The hard pan classification is in practice generally made 
much easier, and in winter, for bridge and culvert piers above water 
level, the classification allowed for earth is generally about 60 per cent. 
solid rock and 40 per cent. loose rock, owing to the fact that dynamite 
or some other explosive has to be used to excavate it. 
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APPENDIX III. . 


WINTER CONCRETING. 


THE disadvantages are many, but with care they can practically all 
be overcome, the most objectionable one, from the engineer's 
point of view, being his own personal discomfort. Itis very hard find- 
ing clay for dams that is not frozen so hard that it chips, and even if 
found in a fairly soft state, it does not seem to bind well together 
when in position. Leaving the worst disadvantage to the last, the 
concrete so formed is of course the crux of the whole proceeding. 
The author was very much alarmed the first time he had to” put 
concrete in when the temperature was below zero, and even now he 
does not approve of placing concrete during frost, except under very 
exceptional circumstances. 

There are one or two main principles to be observed, one is that 
all the shutterings or forms must be protected with straw and tar 
paper, the straw being packed to a depth of six inches, and the tar 
paper put outside. The latter is useful in exposed places, as it 
prevents the wind from drawing the heat out of the concrete. Some 
contractors get an old boiler and run steam pipes through this straw, 
which is a very good plan and not very expensive. Another very 
useful plan in an exposed position is to put a screen up at the end 
which the prevailing wind strikes. 

Having got the forms properly protected, the next job is to see to 
the concrete, bearing in mind that the concrete must arrive at the pier 
above freezing point, or else there will be no chemical reaction. For 
this purpose everything is warmed, the heap of gravel has steam pipes 
running through it, all water used is hot, almost boiling, the only 
thing not bothered about being the cement. The mixer itself is 
thoroughly steamed before the first batch is put in, and after there 
has been any stoppage which has allowed it to get cool. All the 
stones used as displacers are either steamed or warmed some other 
way. The joints between the old and the new concrete want especial 
attention, as it is so very easy to get a bad line showing the day's 
work ; steaming for this also is the best way to prepare it. 

The author has only mentioned the above shortly to show that it 
is quite possible, with careful management, to put in good concrete 
down to a temperature of 40 and 50 degrees below freezing point ; 
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lower than that the human element comes in ; he is not, as mentioned 
above, an advocate of it in view of the many “ifs” which go to the 
making of a sound job. 

Another thing of which he is not very much in favour is putting in 
concrete in bulk through water by any of the methods usually 
employed, such as paper bags, boxes with doors at the bottom, or 
pipes ; they are all, in his opinion, rather guesswork methods, as it is 
never certain what sort of a joint has been formed below the water 
line. 
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DISCUSSION. 


The CHAIRMAN proposed a vote of thanks to the Author. 

Professor S. W. PERROTT considered that the paper gave a very 
comprehensive grasp in a very short space of what might be termed 
the general system of railway development work. The subject was 
one which was not very much heard about in this country, because 
they were tied here within such narrow limits. It would be interesting 
if some light could be thrown on the question of what the maximum 
grade on adhesion lines should be. The grade of 1 in 22 which was 
adopted on the line through the Kicking Horse Pass, necessitating the 
use of pusher engines at the backs and sometimes at the middle of 
the trains, showed what could be done in dealing with heavy loads. 
Experience in this country showed that electric traction did wonder- 
ful things in that way, and even at one place on the Mersey Tunnel 
Railway, familiar to nearly everyone there, there was a gradient of 1 in 
27, yet no hitch seemed to occur in the working of that section. One 
very interesting point occurred to him with regard to transition curves. 
The railways in Canada and the United States were in the habit of 
putting in transition curves in all cases where the degree of curvature 
was over two degrees, while in this country such easement curves had 
only been adopted occasionally, and then only in recent years. How- 
ever, Mr. Shortt’s paper, read before the Institution of Civil Engineers 
in 1908, had probably led the railway companies to think more 
seriously about the matter. In this country the subject was regarded 
in a different light. The fast passenger trains travelled only over flat 
curves, and they were the ones that really needed spiraling more 
particularly, because the lateral jar due chiefly to the centrifugal motion 
of a coach upon entering a curve from the straight, varied as the cube 
of the velocity. To the casual observer it had seemed strange that in 
one case it was found necessary to put in transition curves in approach- 
ing the sharper curves, and excluding them upon the flatter curves, 
while in the other case they seemed to be more needed for fast trains, 
ie., on flat curves and not at all, or at any rate very little, on the 
sharp curves. 

Referring to the question of skimping of expenses of survey work, 
and to the methods adopted on the Sudbury Port Arthur Railway, it 
seemed probable that a certain amount of economy might have been 
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effected in that case. The need for haste might have been very great, 
but his contention was that a preliminary survey party ought to be 
given an opportunity of deviating from any trial line in difficult parts, 
and if necessary of replacing a portion of it by an entirely new route. 
The second party of course might have been dealing with the final 
preliminary survey. It could scarcely be said that location work on 
a very well carried out scheme was done in the office, and although 
the following surveying party’s natural work was actually to put in the 
line on the ground, they might also have the duty of carrying out the 
final preliminary, and adjusting the route before putting it in. 

Regarding the use of dynamite, workmen were in the habit of 
handling such things in a very careless fashion. He remembered a 
case in Canada when a gang of men were engaged upon putting in 
telegraph poles, one workman put a number of sticks in the oven at 
dinner time on account of their having been frozen, and when he 
returned, there was no trace of his house to be found. 

A great deal of side borrowing was done in India, particular care 
being taken to have the borrow pits regular and at uniform intervals, 
but the difficulty of drainage was always felt even then. 

The author had referred to the method of building bridges on ice, 
which had been done generally all over Canada, but not without a 
certain amount of risk, because on occasions, tremendous thaws 
occurred, and if all the plant were on the river a serious loss might 
result. 

The question of winter concreting was one which had always 
puzzled him greatly. He had never carried out tests, but the practice 
seemed to give satisfactory results, even in the coldest part of winter, 
and the concrete seemed to set. The great masses of masonry in 
bridge piers presented the same difficulty, the stones having had to 
be heated up to a certain temperature to give the mortar an opportunity 
of setting, and in the following summer the joints were raked out and 
pointed with cement. The plums used in concrete were also heated 
before being put in place. 

Mr. M. GLEN Ross said that he would not like to cross-question 
the author on any ofthe methods described in the paper, because they 
were all so different from railway practice at home, but although the 
paper enumerated a great many of the difficulties to be overcome in 
connection with railway work in new countries, the same difficulties 
were encountered at home, and often a great many more. For 
instance, it must be very pleasant to be able to dispense with 
Parliamentary procedure, the purchase of land, and to do without 
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signalling and competition and other matters which added materially 
to the cost of the railways, whilst the engineering costs themselves 
in this country must be very much in excess of the lines which the 
author had described. There were lengths of line which had cost 
£100,000 per mile, and viaducts costing £70 per yard. With regard 
to the question of fencing, the L. & Y. Railway Co. were doing away 
with the old quick fence, and were now adopting the post and 
rail fence. 

The traffic on the lines described was mainly goods traffic, as 
compared with that in this country, the bulk of which was passenger 
traffic. There were some very stiff gradients in this country, but 
nothing of the lengths on Canadian and American lines. ‘Transition 
curves were now adopted in this country. He had always understood 
when the use of steel sleepers was discontinued that their one great 
disadvantage was the difficulty in packing the road. 

Bogs such as those described in the paper were not met with here, 
but there were a great many bogs in Lancashire, some 40 feet deep. 
In the banks, over these, ashes were generally put down, and the 
banks allowed to settle and spew up the bog on either side and then 
filled with more ashes, which answered very well. There were some 
sections on the L. & Y. Railway where borrow pits were found. 

It would be interesting to have some particulars as to the 
instruments used by the surveyors. Probably they would not use a 
6-inch theodolite such as was used in this country. 

Mr. L. H. CHase remarked that the paper was one of particular 
interest to him, as about 30 years ago he was engaged in location work 
in Australia. On page 47 the author had alluded to the advisability of 
buying land in the first instance to meet future requirements. That 
was a matter that required to be very carefully considered. It was 
recommended that abutments and bridges should be built for two 
lines instead of making them only wide enough for one line. ‘That 
was perhaps a wise proceeding, if it were known that within, say, 10 
years’ time, the double line would be required, but if that were not 
known it would probably be found more economical to build for a 
single line and increase the width of the bridges when needed, even 
if more money had to be spent in doing it. He had frequently seen 
bridges which had been built for a double line when a single line was 
laid, and by the time they had come into use they required strength- 
ening. Again, the cost of materials might be lower at the later date 
and it would no doubt be easier to get them on to the site of the work. 
In Victoria, when railway building was first commenced, excessively 
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expensive work was put in, but afterwards on new lines the minimum 
of expense was incurred, and that not until it was fully warranted. 

Stump jumping ploughs were used in Australia so that land could 
be brought into cultivation before all the tree stumps and roots were 
removed. The question of narrow or wide gauge was one which 
would always be in dispute. It was probably much better to build 
to a standard gauge, whatever that happened to be. 

He did not agree that rails with chairs were in every case better 
than vignole rails, and in Australia there were very few with chairs, 
possibly because the sleepers were of hard wood. Very heavy rails 
were used in Australia, some 100 lbs. tothe yard. The maximum 
grade was 1 in 30, but that was considered almost too steep. 
Transition curves were used in Australia in 1896, and were put in at 
every place in which they could be used, and it was astonishing not 
to find them in use in England. It was most remarkable that 
transition curves were not adopted on the Liverpool tramways at an 
earlier date, as they saved much wear and tear and added to the 
comfort of the passengers. 

The rate of progress for location work, mentioned by the author, 
was probably in excess of that of which Mr. Chase had had experience 
in Australia. It was a great mistake to skimp the expenses of the 
surveying parties, for if the line were badly located the expense of 
working was increased for ever. 

It would be interesting if the author could give some particulars 
as to the form of the wooden bridges he had mentioned. In Australia 
there was a great difference in the amount of timber used in the 
various States, and in one of the States the amount was cut down to 
the lowest limits. The tops of the wooden bridges were always made 
with a waling on each side and filled with ballast, and he would be 
interested to know whether that was done in Canada, or whether the 
rails were spiked directly on to the timber. 

Mr. F. E. G. BADGER observed that although he had been out of 
railway practice for some years, he held the opinion that the cross 
sleepers formed the best permanent way, and he was very pleased to 
hear that that form of construction was gradually displacing the 
longitudinal timber method in Canada and America. 

Some of the hardwood sleepers from Australia had been tried on 
the London and North Western Railway, and it was found that in 
some cases they rotted in the middle. The external surfaces were 
perfectly sound, but on examination, they were found to be quite 
hollow in the middle. It was difficult to arrive at the definite cause 
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of the disease, as the sleepers were bedded in granite ballast having 
perfect drainage. Many of the curves on the northern division of the 
London and North Western Railway, of 40 chains radius and smaller, 
were not mathematically transitional, but there was a sort of platelayers' 
curve introduced, which was usually fairly satisfactory, though the 
company's engineers had been engaged more or less daily for the 
past 17 years in introducing transition curves in all cases where the 
radius was below about 50 chains. 

Mr. Badger had set out the whole of the permanent way for the last 
alteration and widening at Preston, which occupied about three years, 
and there were running lines varying in radius from 133 to 40 chains, 
all of which were laid with transitional curves. At the same time it 
was not much use engineers troubling to be precise in setting out, unless 
a diagram was furnished to the platelayer showing the exact position of 
'the rail relative to some fixed object, as the platelayers when repairing 
the road adjusted the rails more or less to the eye. 

The objection to the steel sleepers had been put forward, and 
rightly, by the author and also by Mr. Ross, namely, the difficulty of 
packing ; it was found also that they cracked, and consequently, they 
were gradually taken out of the road and melted up again at the 
steelworks. 

He would be interested to hear the author's opinion in regard to 
reinforced concrete sleepers. To Mr. Badger, they did not appear 
to make a first class job. The ordinary sleeper could be nicely 
handled by three men, and at Brock, in Lancashire, it had been 
found possible to relay a mile of single line in one day with 250 to 
300 men, taking up the road and putting in the new road, which was 
not a bad performance. He had not had any personal experience of 
the use of reinforced concrete sleepers, but in one length which he 
had seen laid, he had found very many of them broken across the 
middle. It was difficult to believe that that was due to bad packing, 
the probability being that there was insufficient steel in the sleepers 
to take the tension. 

The author did not appear to have mentioned the length of rail 
used in Canadian railways. 

Referring to the matter of bad foundations, he remembered a case 
where a bridge was being built, and where the foundation was very 
good on one side of the railway, but there was boggy land on the other. 
A lot of concrete was put in, which by the following morning had 
practically disappeared. It was decided to place in the bottom several 
alternate layers of brushwood and brattice cloth, followed by a large 
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quantity of concrete which had already been mixed alongside prepara- 
tory to laying. The concrete was allowed plenty of time to set 
thoroughly before proceeding with the erection of the brick piers, 
and they were more than gratified to find no subsequent settlement 
after the bridge had been brought into use. 

Professor W. H. WATKINSON wished to add a word on the subject 
of transition curves. It was a great surprise to him to hear in the 
discussion that the transition curve was a comparatively new thing in 
England and that they were not used on one of the great railways of 
the country. In Scotland they were used 30 years ago at least. 
Transition curves were a necessity for safe and smooth running, and he 
had been surprised to hear Mr. Chase’s reference to the lack of them 
on the Liverpool tramways, on which it was, equally as on railways, 
almost criminal to omit them. 

Mr. G. CARRUTHERS THOMSON asked the author whether photo- 
graphic surveying was used for preliminary railway work in Canada. 

The CHAIRMAN, before calling upon the author to reply, remarked 
that he had been somewhat surprised to hear Mr. Bell recommend 
the standard gauge, by which presumably he meant the standard gauge 
of this country, viz, 4 feet 84 inches. He remembered some 25 
years ago, when, of course, the locomotive engine was vastly different 
to what it was to-day, he and several fellow pupils were in the habit of 
amusing themselves by calculating the effect on the engine at certain 
speeds and certain centres of gravity, and he had watched that centre 
of gravity getting higher and higher, whilst the speed of express trains 
had also increased. He believed that it was now a matter for serious 
consideration whether the safety limit had not been exceeded. He 
remembered talking to a noted locomotive superintendent, who had 
said that if the original 7 feet gauge of the Great Western Railway 
had been adopted in the first instance, there would be no difficulty in 
running ordinary express trains at 80 miles per hour. The present 
gauge, in the Chairman’s opinion, was not a safe one. The Irish 
gauge, of course, was somewhat wider than the English, and possibly 
that might be taken as a mean between the 4 feet 84 inches and the 
1 feet gauge to which he had referred. 

The AUTHOR, in reply, referring to the Chairman’s remarks, 
thought that the present standard gauge of 4 feet 84 inches was a 
very good average gauge for use in a new country. Ifa 5 feet 
3-inch (as in Ireland) or a 7-feet gauge were adopted it would 
necessitate the easing off of all curves; and further, no such high 
speeds were contemplated as obtained in this country. In Canada 
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the average speed of an express train would be well under 40 miles 
per hour. He did not agree that the standard English gauge could 
be called dangerous even at 80 or 90 miles per hour, provided, of 
course, that the curves were not too heavy for such speeds, and he 
thought that the best answer to the Chairman’s contention, that 
modern British locomotives were unstable, was to have a look at 
some of the monsters built in America, which for the same gauge 
were very much higher and yet seemed to hold the track well. 

With regard to Professor Perrott’s remarks relative to the heavy 
grades in the Kicking Horse line and the necessity for pilot engines, 
they had to have them, not only going up but going down, and the 
speed was not greater than 6 miles per hour. His remarks regarding 
transition curves were very interesting. The lines in question were 
built for freight traffic, and the curves were spiral and compensated 
for the curvature purely from a freight point of view. There was no 
question of spiraling from a passenger point of view. 

With regard to the methods of survey, the location was revised 
twice over the whole 500 miles. It was very easy to talk about 
revising location and topographical work, but in bush country it was 
difficult to find out the best place to run the line a couple of hundred 
miles. 

Professor Perrott had said, in regard to constructing bridges over 
ice, that there was the danger that a thaw might set in and carry away 
the contractor’s plant. They always did look for the thaw in January. 
With regard to winter concreting, he had never been able to test 
blocks of concrete after setting in winter, but it looked just as good 
as the other if properly put in. There was no reason why there 
should be bad joints in winter concrete any more than in summer 
concrete. 

Replying to Mr. Glen Ross’s remarks, he had no intention of 
inferring that the difficulties in a new country were greater than 
they were in this country, but he wished to bring out the difference in 
the methods of construction. In this country when difficulties arose 
they had to be overcome, whereas in a new country an attempt was 
made to circumvent them. 

In America, fencing arrangements were somewhat different from 
those in this country—in the beginning they did not exist, but as 
the country became more densely populated, fences had, of course, to 
be built. It was usual there to buy a Right of Way of 100 feet and 
to fence this in irrespective of the height of bank or cutting, unless, 
of course, the toe of the slope extended to more than 50 feet on either 
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side of the centre line, in which case additional Right of Way had to 
be bought. 

With reference to Mr. Glen Ross’s question about the sizes of 
Instruments used on American railways, general practice was a 
theodolite four or five-inch and fairly light, a dumpy level about 
15-inch, and a hundred feet steel band tape instead of the old 
fashioned chain which was now regarded with disfavour. On con- 
struction he had used a 5-inch American transit and a 16-inch 
Y level, though he had since come to the conclusion that a dumpy 
level was more suited to the work. 

He considered that the American instrument both in point of 
workmanship and modern features was far superior to the English 
makes. 

Coming to Mr. Chase’s remarks, he had not intended to imply, 
when alluding to the question of building all the superstructures for 
bridges of double width, that that should be done in every case, but 
only if there was a prospect of the traffics increasing within a reasonable 
space of time. If otherwise, it would not be desirable to build them 
twice their required width. He had never come across any stump 
jumping ploughs. 

There were a few ballasted wooden bridges in America, but he 
had never seen them; the rails were spiked down on to the cross 
sleepers and there were no longitudinal sleepers. One advantage of 
putting ballast on wooden bridges was that it did away with a good 
deal of risk from fire. 

Referring to Mr. Badger’s remarks, he did not think that there 
were any longitudinal sleepers now in America; most of them were 
cross sleepers. His remarks relative to hardwood sleepers rotting 
in the middle were very interesting, and in this connection it 
might be noted that when the United States took over the Panama 
Railroad it was found that some of the hardwood sleepers which had 
been in for upwards of 30 years were quite sound, and, in fact, were 
used again when parts of the line were rebuilt. The cost of these 
sleepers would be prohibitive nowadays, as they were black lignum 
vite. 

He had had no experience of reinforced concrete sleepers, but 
from the plans they all appeared to be weak in the middle, and would, 
he thought, suffer from the same complaint as steel sleepers, in that 
they would be difficult to pack. 

He quite agreed with Professor Watkinson and Mr. Chase that 
something might with advantage be done to the Liverpool Tramways 
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in the way of easing their curves at the ends, but he much questioned 
whether it would be possible to put in a true transition owing to the 
“shift” it would entail for a curve of such a small radius. 

In reply to Mr. Thomson’s question, he thought that photographic 
surveying had not been made use of for railway work, and it would 
be absolutely impossible in bush country. 


CORRESPONDENCE. 


The PRESIDENT regretted his absence from the meeting, through 
indisposition, and observed that the paper contained a great deal 
of very valuable information, in a form which rendered it easy of 
assimilation, and the Society was to be congratulated on having such 
an addition to its “ Transactions.” So far as he could see, the weights 
of the rails had not been mentioned in the paper, but from the close 
spacing of the sleepers, presumably the sections would be considered 
light in this country. 

He had been much interested in the daily rate of progress which 
no doubt would be obtained when everything had got into full swing, 
and it had brought back the recollection of the reconstruction and 
electrification of the Liverpool Tramway system some 12 to 15 years 
ago. Mr. Brodie worked up the system so well that when at top 
speed two miles of track were laid per week, complete with concrete 
foundations, rails and set paving. 

The AUTHOR, in reply to the President’s written remarks, stated 
that the weight of the rails was from 80 to 100 lbs., though 90 Ib. rails 
were generally put in now in main lines. A few lines in their more 
important sections were putting in 100 lbs. rails, but he was of opinion 
that taking the whole of the Continent, 80 lbs. would be the average. 
'The rate of tramway construction of two miles per week mentioned 
by the President compared very favourably with the progress rates 
which had been referred to in the paper. 
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17th December, 1913. 
FRANCIS E. COOPER, Assoc. M. Inst. C. E, President, 
in the Chair. 


F. E. G. BADGER, JOSEPH ARMITAGE CROWTHER and ROBERT SMITH 
were elected as Members; and ARTHUR STANLEY GLOVER, B.Sc. (Durham), 
as a Student. 


“Modern Developments in the 


Structure and Equipment of Large Buildings.” 
By ARTHUR C. AUDEN, M. Inst. C.E. 


THE design, construction and equipment of large buildings have 
during the past few years undergone many radical changes and 
developments, principally through the introduction of “framework ” 
construction. The advent of the modern “skyscraper” in the United 
States of America marked the beginning of this revolution in design, 
and the departure from the older methods of construction, in which 
the outer walls carried the loading, to the “framework ” building in 
which all the loads are carried by beams and stanchions, the walls 
forming merely an outer shell. For some time this method of con- 
struction made but little headway in this country, although its adoption 
in America had proved its stability, rapidity of erection and economy 
in first cost, but once tried it quickly found its way into favour and 
now most large modern buildings in this country are designed on 
these lines. 

There are two methods of carrying out this form of design, i.e., by 
the use of structural steelwork and by reinforced concrete construction. 
The former was the material used in all the first ** framework ” build- 
ings, but reinforced concrete is now proving a very serious competitor, 
and when its immense possibilities in every form of constructional 
work are more fully appreciated there is no doubt but that it will 
invariably be preferred. 

The high value of land in the majority of large cities was the 
factor that frequently rendered small office buildings unprofitable, and 
with the introduction of improvements in lifts and the adoption of 
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* framework" construction, the height of business premises was 
rapidly increased. This increase in height and structural design 
proved the necessity for developments and changes in internal equip- 
ment, ie, heating, ventilating, sanitary fittings, &c., and the many 
mechanical arrangements now in use show how closely the engineer is 
associated with the problems now met with in modern building 
construction. 


FOUNDATIONS. 


In all large buildings the question of providing a firm and secure 
foundation for the loads transmitted by the piers and columns is of 
vital importance, as on this depends the ultimate stability of the 
entire structure. 

Wherever possible the columns and piers should be carried down 
to solid rock, or other similar strata, i.e, by excavating down and 
filling up with concrete, but when such solid strata are absent, or only 
present at a depth which it is economically impossible to reach, the 
problem is more complicated. Piling is then frequently adopted, the 
piles being of reinforced concrete * cast-and-driven," i.e., made in a 
form or mould and, after maturing, handled and driven exactly as a 
wooden pile, but there are many different kinds of “ built-in-situ ” 
concrete piles which have been used with great success. Reinforced 
concrete “cast-and-driven " piles have been constructed up to, and 
occasionally over, 50 feet long. Where the loads from the piers are 
very great, the piles are usually driven in groups, their heads are then 
stripped and the whole group connected by strong reinforced concrete 
capping, the caps being joined together each to each by a grillage of 
reinforced concrete beams. 

There are several different methods of constructing “ built-in-situ ” 
piles, i.e., by sinking steel tubes or cylinders which are gradually with- 
drawn, the concrete, which is deposited down the tube, being closely 
rammed and thus forced through the jaws at the foot of the tube into 
the space made by withdrawing this. The weight of the material 
and the ramming causes the concrete to spread into the surrounding 
earth, and the diameter of the pile is often found to be nearly twice 
that of the depositing-tube, especially when the soil is soft and unequal 
in consistency. 

In another method the hole is bored by a heavy falling conical- 
shaped ram, and the concrete deposited in layers of about 16 to 
20 inches, which are then heavily consolidated by a blunt falling ram 
which, as before, spreads the concrete out into the surrounding soil. 
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These “ built-in-situ” piles have a great supporting value owing to 
their blunt bearing surface and also to the irregularities due to the 
spreading of the concrete into the surrounding strata. When neces- 
sary, reinforcing rods are inserted vertically near the outer surfaces or 
periphery of the pile and are left projecting from the heads of the 
piles and incorporated either in the capping or beams connecting 
these or in both. 

The use of foundation “ rafts” which spread the loading equally 
over the site, is practically precluded in large buildings owing to 
(1) the exceptionally heavy loads encountered, and (2) the impossi- 
bility of extending the “raft” beyond the building lines for the 
purpose of obtaining a reasonable unit pressure on the supporting 
ground, the latter being especialy the case when the site is between 
existing buildings. A combination of ‘ raft" and piling can, however, 
be used with advantage and economy. Such a combination consists 
of groups of piles under the heaviest loads, connected by beams sup- 
porting the walls and small columns, these beams being designed to 
transmit their loads to the slab covering the whole site, which loading 
is thus uniformly distributed. 

When the foundation soil is fairly stiff and reliable, the piers are 
often supported on footings in the usual way, the area of these 
depending, of course, on the bearing value of the earth, but, as stated 
before, taking into consideration the enormous loads usually taken by 
the piers, it is much safer to endeavour to obtain a bearing on solid 
strata if such is at all possible. 


BASEMENTS. 

Deep basements being quite a feature of large modern buildings, 
it is next necessary to consider the provision of retaining walls to 
support the surrounding earth, surcharged, most probably, by road 
traffic and frequently by adjacent buildings. The old method of 
providing heavy brick or masonry walls for this purpose has now been 
almost entirely superseded by the use of reinforced concrete, resulting 
in a saving in initial cost and, above all, of valuable space, as will 
be seen by Fig. 1, which shows the usual types of reinforced concrete 
walls compared with a mass concrete or brick wall of equal strength, 
as shown in Type A. 

The type of wall frequently adopted is as in Type B, but this 
involves a projection beyond the building lines, although it has the 
advantage of utilising the weight of the earth on the base slab to 
resist overturning, and can consequently be of cheaper construction. 
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In Type C the disadvantage of the projection beyond the building 
lines is not present, but, as will be readily seen, the structure must 
be considerably stiffer than Type B, and it is more difficult in this 
design to keep the resultant within the middle third. The extra cost, 
however, of this Type C is to some extent compensated by the fact 
that the larger base slab necessary forms part of the area or basement 
floor. 
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When the wall has to support more than about 15 feet of earth, 
or when the surcharge is exceptionally heavy, a wall with buttresses as 
in Type D, will be found more economical in cost, always providing 
that it is possible to allow the projection of the buttresses either at 
the back of the wall as shown, or into the site of the building itself. 
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By carefully grading the aggregate in the concrete and using a 
slightly richer mixture, say 3, 14, 1, these walls can be made 
perfectly watertight if the concrete is thoroughly rammed and punned 
in the moulds, thus overcoming all trouble from the percolation 
of water which is usually met with in deep basements, but as it 
frequently happens that it is exceedingly difficult to carry out the 
ramming quite perfectly owing to the interference of struts, waling- 
boards, &c., supporting the earth, it will be found generally advisable 
to incorporate with the concrete one or other of the many excellent 
waterproofing compounds now on the market. 


SUPER-STRUCTURE. 


In the design of modern buildings the chief points to be borne in 
mind are :— 

(1) The importance of.obtaining every available foot of floor 
space. 

(2) Speed in erection. 

(3) Economy consistent with strength and safety. 

(4) The provision of light airy spaces with facilities for subsequent 
subdivision and internal arrangements, e.g., for offices, &c. 

Architectural features of course have also to be considered, 
although it would appear that these latter have been somewhat 
neglected in the past, but more recent buildings have proved that 
“framework” construction quite readily lends itself to artistic 
architectural effect, especially in the treatment of domes, arches, 
cornices, &c. A good example of the former is the large reinforced 
concrete dome of the newly built Melbourne Public Library, which 
has a clear span of 124 feet 6 inches. This dome was erected on 
the Kahn system of reinforcement, which is an extremely efficient 
type for structures of this and similar description, in fact wherever 
long spans, either arched or flat, are under consideration. 

First taking the question of steelwork, this form of construction is 
generally somewhat lighter in dead load than reinforced concrete, as 
the scantlings of both beams and stanchions can frequently be smaller, 
thus giving more floor space and additional head-room, but the com- 
pleted structure does not possess the monolithic stiffness of a building 
in reinforced concrete. Steel-frame construction is generally used in 
conjuction with some form of fireproof floors, concrete slabs suitably 
reinforced being probably the most favoured form, although there are 
many others of much merit using only reinforced concrete beams and 
hollow bricks or tiles. 
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Steelwork itself is not fire-resisting, as has been proved in many 
instances where the stanchions and beams have been twisted by the 
action of fire out of all recognition. All steelwork should therefore 
be suitably encased in fireproof material, i.e., concrete laid over 
expanded metal, terra-cotta tiles, or similar substances. Concrete has, 
however, proved to be the most serviceable material for this purpose, 
as terra-cotta tiles are liable to crack at their corner junctions, thus 
admitting the fire to the naked steel. 

In a modern building the demand is almost invariably for as few 
columns as possible, and steelwork is admirably suitable to meet this 
condition, floor girders spanning 45 to 50 feet and over being quite 
common features in many of the latest buildings, but the provision 
of lifting tackle to handle these heavy girders is often a serious 
difficulty, particularly in confined spaces, and does not compare 
favourably with that needed for hoisting buckets or tubs of concrete. 
There is another point in connection with the use of steel girders and 
stanchions which is perhaps worth remembering, that is, in connection 
with the setting-out of the work on the site, extreme accuracy being 
absolutely necessary, as a very small variation will prevent the rivet 
holes, drilled beforehand at the works, coming together properly, and 
there is a temptation for the erectors to “hog” or “drift” the holes 
and thus to put strains on the structure quite apart from any loads it 
may be designed to carry. 

Mention has been previously made that the scantlings of steelwork 
stanchions and girders are frequently smaller than such in reinforced 
concrete, but by careful design of the latter the difference can be 
reduced to a minimum. Taking the case of columns, the allowable 
safe compressive stress on concrete, unreinforced, permitted by the 
Rules of the Royal Institute of British Architects is 600 lbs. per 
square inch, but the same can be safely increased by the provision of 
lateral bindings, i.e., spirals, hoops, &c., which prevent the concrete 
from spreading under the load, to at least 1,000 Ibs. per square inch. 
The ratio of the modulus of elasticity of steel and concrete is usually 
taken at 15, which means that any steel inserted vertically takes 
15 times greater load than the surrounding concrete per unit area, 
consequently with unhooped concrete the value of the steelis only 
600 by 15 = 9,000 lbs. per square inch, whereas with concrete 
increased in strength by hooping to 1,000 lbs. per square inch, the 
value of the steel is 1,000 by 15 = 15,000 per square inch, which is 
almost the safe compressive value of mild steel. A column reinforced 
with spiralling until the value of the concrete core is increased to 
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1,000 lbs per square inch and then further reinforced by, say 5 per 
cent. of verticals, would take a safe working load of 
P=c[A+(m-1) Av] ... .. R.ILB.A. Report. 
Where P = load on column in lbs. per unit area. 
c = safe compressive stress on hooped core in lbs. per square 
inch. 
A = effective area of the column. 


Av = area of vertical reinforcement. 


m = modular ratio = J 15, 
Ec 


P = 1,000 [1 + (15 — 1) x 5percent.] 
= 1,000 [1 + (14 x 4) ] 
= 1,000 x i7 
P = 1,700 lbs. 
this being the safe compressive stress per square inch of the effective 
area of the column, i.e., a column to carry 100 tons would require an 
area of 100 x 2,240 
1,700 
e.g., a column 13 inches diameter would be sufficient, and allowing 
13 inches covering all round for fire protection, the overall dimensions 
of the column would be 16 inches diameter. 

When the loading on reinforced concrete columns exceeds about 
200 tons, it will be found more economical to construct them as in 
Fig. 2, i.e., composed of a number of smaller columns all strongly 
tied. together' against spreading, as in accordance with the recent 
rules and regulations it is much simpler to design suitable and 
practicable spiralling for columns of smaller diameter, as in the case 
of large columns the spiralling necessary becomes too heavy and stiff 
for wrapping round the verticals, and even when wound in a lathe off 
the job it is rather awkward to handle into position. 


= 132 square inches, 
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It must be noted that in all the above calculations the height of 
any of the columns does not exeed 16 times their diameter, such 
diameters being measured exclusive of the exterior addition for fire 
protection. In cases where the height exceeds this or where the 
loading is eccentric or differs from a direct weight, i.e., thrust, the 
calculations are, of course, varied to suit the special conditions of 
each case. 

This method of increasing the compressive value of concrete by 
spiralling, which was invented by M. Consideére, has also been applied 
to beam construction, spirals being inserted in the haunches, and in 
some instances in the top of the beams along the centre of the span 
in order to increase resistance to compression where the bending 
moment is usually greatest, as shown in Fig. 3. 

In the construction of solid reinforced concrete floors the girders 
are almost invariably taken as T beams, the top flange forming 
the floor slab being taken as acting in compression. When such 
girders are continuous over two or more spans, the bending moment 
over the supports is, of course, reversed, the top of the girder being in 
tension at these points and the bottom in compression ; it will be seen, 
therefore, that the floor slab does not now assist in compression, 
and it is usually necessary to have haunches at the junction of the 
beam with the column to provide an adequate compression area. 
This extra depth also helps to resist shearing stresses which are at a 
maximum adjacent to the points of support. When it is desirable to 
restrict the size of these haunches, spirals can be inserted as before 
mentioned, the general arrangement being as in Fig. 3. 
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Another method of constructing reinforced concrete floors is on 
what is known as the ** Mushroom " system. In this system the tops 
of the columns are splayed radially outwards and the portions of the 
floors over and around these splayed heads are designed as flat 
circular cantilever plates, the rest of the floor slab being considered as 
supported from the outer edge or circumference of these cantilevers. 
This method concentrates the maximum amount of reinforcement 
around and over the supports where shearing stresses are greatest, 
and also obviates the use of beams, giving greater headroom and 
freer illumination from the windows, &c. In ordinary office buildings 
* Mushroom " floors usually work out at about the same cost as beam 
and slab floors, but when the superimposed loading is heavy, as in 
warehouses, &c., they will be frequently found to be more economical, 
especially for spans of about 20 feet. 

In addition to solid reinforced concrete floors, there are, of course, 
the many types of hollow tile, &c., floors, which have been previously 
alluded to as being frequently used with steel-frame buildings. In 
buildings where the superimposed loads are comparatively light these 
hollow floors are usually adopted, as they are cheap and easy and 
rapid in erection. It is also claimed that these floors are more sound- 
proof than solid floors, but there is a difference of opinion on this 
point; they are, however, light as regards dead load, and this is an 
important point in their favour, as heavy flooring practically prohibits 
the use of beams of over 30 feet span, whereas it is frequently desirable 
that the beams should be about 45 feet in span, i.e., spanning from 
the external columns of the building to those at the internal light 
wells. 

Reinforced concrete lends itself very readily to the construction of 
arches, and arched ribs of this material can be employed for carrying 
the glazed roofing across the bottom of the light wells and providing 
illumination to the ground floor offices. ‘These arched ribs can be 
made quite light and slender in appearance, giving a maximum 
amount of illumination area and having a good architectural effect. 

In both steelwork and reinforced concrete buildings the stairs are 
usually constructed of the latter material finished with granolithic, or 
fitted with patent treads, but they are made comparatively narrow, as 
in a building well equipped with lifts, staircases are but of secondary 
importance except, for instance, in the case of fire. 

The partition walls dividing up the floor space into offices to suit 
tenants can be quite light as, of course, they are not required to con- 
tribute to the support of the floors in any way. There are quite a 
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number of excellent fireproof partitions now on the market, studding 
and matchboarding, &c., being quite things of the past. The types 
favoured are usually those consisting of some form of concrete slabs, 
made with pumice or other light aggregate, or else those built of 
* squeezed ” terra-cotta hollow bricks specially keyed for plastering. 
These can be erected very rapidly and can be easily altered as 
required by different tenants, whilst in addition they are more sound- 
proof than wooden partitions, and much lighter and cheaper than 
those in ordinary brickwork. 


EQUIPMENT. 


The equipment of large buildings also presents many features of 
engineering interest, particularly as, if tenants are to be attracted, all 
matters affecting their comfort and the speed with which they can be 
taken to and from their offices, practically all of which come within 
the scope of the engineer, must be superior to such in other buildings 
where the hand of the engineer is not so much in evidence. 

It is, of course, impossible within the limits of this paper to go 
fully into the details of the complete equipment necessary, but the 
following are the most important matters demanding attention :— 
Heating, ventilation, lighting, lifts, sanitary service and drainage and, 
to some extent, fire protection. 

In all these matters it must be remembered that they are very 
much simplified when it is known how the building is ultimately to 
be divided, as in the case of its proposed occupation by, say, one 
firm or company the work of the engineer is comparatively easy, but 
it is much more frequently the case that it is impossible to know 
beforehand when the drawings are being got out, whether any given 
area of floor may not be divided into a large number of comparatively 
small rooms each occupied by one or two persons, or whether it may 
not remain as a large undivided area with a much larger number of 
persons, say, per square yard of area. 

With reference to the first item, heating, the author has frequently 
heard it stated that a great disadvantage in large, e.g., high modern 
buildings, is that they are not provided with open fire-places, and 
although this is probably to a large extent a matter of sentiment, 
there is no doubt that an open fire has many points in its favour. 
They are, however, a luxury which is almost out of the question in high 
buildings as, quite apart from the difficulty of arranging, say, at least 
500 separate chimneys along the walls and up to the roof, or of lead- 
ing them in a group to a smaller number of smoke stacks (which last 
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has in addition been found by experience to be unsatisfactory), the . 
intense draught, particularly in the lower storeys, constitutes so serious 
a difficulty as to put the adoption of open fires practically “out of 
the running," and this will be readily understood, as probably most 
engineers are familiar with the * pull? of a chimney about 150 to 
200 feet high, even with a comparatively small fire at its base. Of 
course this difficulty can be overcome, and has been so occasionally, 
by the use of regulators, dampers, &c., but such need so fine 
adjustment and such constant attention as to be impracticable for 
ordinary use. 

Two alternatives are thus left, steam or hot water used in radiators 
or panels, and hot air, both of which have many advocates but, as is 
the case with everything, each has certain advantages and disadvan- 
 tages. The use of hot water in large diameter castiron pipes is 
omitted owing to the immense volume of water necessary to be kept 
in circulation and also the large space taken up by pipes and the 
difficulty of keeping them free from dust, which causes an unpleasant 
smell. 

Either of the first-named (i.e., steam or hot water) is usually not 
greatly cheaper to install zz s¢se/f than air, but it is so when the cost 
of the whole building is taken into account, as the pipes are very 
small compared with the air ducts, the latter having to be formed in the 
structure itself, in fact the pipes can be led through the ventilating 
trunks, for the extraction of foul air, which are necessary in any case. 

Radiators, panels, and similar devices, also have the advantage of 
being more “ nicely " regulated by each individual tenant, and it must 
be remembered that in a building with a population of two or three 
thousand there are about as many opinions as to requirements in 
heating and ventilating as there are inhabitants! Steam has, 
however, the disadvantage that it cannot be used as a cooling agent, 
so that in hot weather there is no means of reducing the temperature 
by its aid, whereas air can be as readily cooled as heated; the 
number of really hot days here is so small that this may not be an 
important point, but in cities further to the South it is of sufficient 
value to warrant careful consideration when designing the building. 
Air has also the advantage that the fan or fans are as a rule an in- 
_tegral part of the ventilating system whereas steam heating is a separate 
installation. The boilers (the air being almost invariably heated by 
steam) are of course common to both. With reference to a small 
sub-division between steam and hot water in radiators or panels, 
hot water has the advantage that the lavatory supplies can be drawn 
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from the system and this, it may be incidentally mentioned, is of 
advantage where, as in most large modern hotels, hot water is 
provided in several hundred rooms, although, in cases of so large a 
number as this, it would probably be better practice to install 
separate calorifiers and piping for this service. 


STEAM BOILERS AND ACCESSORIES. 


With reference to the source of heat, e.g., steam boilers, the in- 
stallation of electric power plant for lighting, working lifts, &c., is so 
common as to necessitate the use of ordinary high-pressure boilers 
and engines, the exhaust steam from the latter (with some assistance 
in the form of live steam during "peak loads") being used for 
heating. 

Water tube or-sectional boilers have many advocates for use in 
large buildings, as they are capable of very rapid steam-raising in case 
of emergency and because they can be removed without “tearing the 
place to pieces," but they need considerable head-room. Many en- 
gineers prefer ordinary Lancashire boilers, but although very efficient 
they certainly take up a good deal of space, and the author thinks 
that the type adopted by the Consulting Engineer to the Royal Liver 
Buildings in Liverpool (Capt. M. H. P. Riall Sankey, R.E. (ret.), 
M. Inst. C. E.), i.e., semi-marine type having return tubes but outside 
combustion chambers and front smokeboxes leading to a central 
under-flue, are excellent for the purpose, as they steam well, have 
a good reserve of heat and occupy quite a limited floor space and 
head-room. 

The question of using mechanical stokers or not appears to be a 
matter for considerable variation of opinion ; they have, of course, the 
same advantages in this instance as in any other steam plant, but it 
must not be forgotten that a sudden fog may treble or quadruple the 
amount of lighting current required and this, even with an efficient 
battery, involves fairly hard firing in any relatively small installation. 

The designing and fixing of the boiler chimney involves one or 
two details of some engineering interest, but they are now practically 
‘settled by the “trial and error” process ; for instance, it is found that 
about the last thing a steel chimney, say, 150 feet high by 4 feet 
diameter, fastened on the outside of a high building will do, is to stay 
there. The cause of this is, of course, the expansion. If the cleats, 
or holdfasts, are not strong and heavy and very carefully fixed, it 
will tear them out, and if they are fitted with joints, slides, friction 
rollers, &c., such nearly always get jammed as they are necessarily 
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very inaccessible. The rapid cooling of the plates also is very bad 
for the draught, particularly in the case of a fall of snow on a calm 
day. 

The next alternative is to build a concrete or brick stack bonded 
into the outer wall or wholly within the building, but in both these 
the difficulty of expansion is present and cracks in the adjacent walls 
are very difficult to prevent. The arrangement now almost universally 
adopted is to fit a steel stack inside a well entirely within the building. 
There is no necessity to stay the chimney, although some engineers 
have placed “rubbing pieces” here and there, but it is as well to 
remember to fit a Jacob’s ladder in the well and to leave putlog holes, 
or corbels, every 10 or 12 feet, for rigging scaffolding for painting the 
plates ; the chimney is lined with firebricks up to about one-third of its 
height in the usual way. ‘There is another advantage in this design 
for the chimney, in that the enclosing well makes a convenient venti- 
lating shaft. | 

With reference to the actual application of (1) steam or hot water 
to the various rooms, this is, as previously mentioned, generally done 
by means of either radiators or panels, the latter being also sometimes 
laid in and forming part of the floors. Both systems are supplied 
with steam from the exhaust tank of the electric plant, assisted by live 
steam during the coldest weather, and the condensed water is run to, 
or, if necessary, drawn to,a tank in the basement, from which it is 
pumped into the economisers for feed. A reducing valve is some- 
times fitted on the pipe between the boilers and the exhaust tank, 
but it seems hardly necessary, as the amount of auxiliary live steam is 
really very small in proportion, and the wire drawing through a valve 
very slightly open has the same effect—in fact the author would 
rather branch the pipe and fit two ordinary screw-down valves than 
have one reducing valve. 

Regarding the application of (2) heat, by means of hot, or warmed, 
air, this 1s also too well known to need any detailed description here, 
particularly as this system is so closely allied to that of ventilation, 
which is mentioned later. 

The heating or cooling, as the case may be, of the air, is practi- 
cally always done either by passing the whole current of air among 
and around pipes or coils (which are either heated with exhaust steam 
or cooled by brine or other cold water) and thence into the trunks 
throughout the building, or by heating the air direct by placing a 
radiator or panel immediately in front of an opening from the outer 
air into each room. In the former case the fan is generally placed 
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behind the heater and drives the air through it into the trunks, but 
sometimes it is arranged to draw the air through the heater and 
force it into the trunks. Both have their advocates, and it is claimed 
that the latter system takes less power and it certainly has the advan- 
tage that when the pipes are not in use for either heating or cooling 
they can be entirely cut out, thus saving a “ by-pass ” alongside them 
as in the other design where they are in front. 

There is an important detail in connection with the air supply, 
which, although not universal, it certainly pays to install, and that is 
the washing of the air during its passage from the fans to the various 
rooms, &c. There are several appliances on the market for this pur- 
pose with which many engineers are familiar in connection with 
humidifying cotton mills and weaving sheds, all of which appear to be 
very efficient, but there is one form which is exceedingly simple and, 
although it would not be so good in a mill, has certainly proved its 
efficiency in buildings. It is on the principle of the ordinary sparge- 
pipe urinal, the air being blown against an inclined slate or porcelain 
slab, thus changing its direction and losing some of its velocity, which 
last effect is also increased by making the trunk leading from the slab 
larger than that thereto. The slab is kept constantly sparged with a 
thin film of water and occasionally flushed, and it is extraordinary— 
in London at least—the amount of dust and smuts collected on the 
slab, even between comparatively frequent flushings. 


VENTILATION. 


It is remarkable how many instances there are of places ventilated 
by persons of great experience which cannot be described as entirely 
satisfactory, which shows that there is a considerable scope for 
engineers in this branch. The chief difficulty is of course to obtain 
a sufficient circulation of air at a sufficiently low velocity to avoid 
draughts. This, as will be readily seen, tends to involve increased 
first-cost, as the inlets and corresponding outlets must be of fairly 
considerable area or their number comparatively large, thus taking 
up valuable space and complicating the design of the building as a 
whole. 

The rivalry between the “ Plenum” or “ Pressure” and the 
* Exhaust" system is somewhat marked, and at present it appears 
that “honours are easy.” “Plenum” is perhaps the more easily 
regulated and draughts are more easily avoided, and also the air can 
be readily heated, thus saving the first cost and expense of running 
a separate heating installation, and, as before mentioned, the air can 
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also be cooled in hot weather, but if the tenant does not like the air 
supplied to him he must go without, as opening the windows is use- 
less, the pressure being outwards ; and also should any regulation or 
arrangement cause a difference in pressure between adjacent rooms, 
it may create a little annoyance by slamming the inter-connecting 
doors, &c. 

With the * Exhaust” or * Extraction " system the regulation to 
avoid draughts is not so easy, and also some form of separate heating 
is essential, but it is claimed that the occupier does get “ fresh ” air 
(such being admitted through the openings directly in the outer 
walls), and if he wants more the windows can be opened, although 
this last often means a considerable amount of dust and smuts which 
are particularly objectionable if the tenant happens to be an engineer 
with a drawing office. Probably the ideal design for a high building 
would be to equip the lower floors, outside of which dust, smuts, &c., 
are common, with the pressure system, and the upper floors, beyond 
the reach of neighbouring chimneys, with the exhaust method, but 
like most ** ideals," it would probably be found too costly to adopt in 
practice. 

With reference to the heating of the air coming in through the 
wall openings, this is generally done by placing a radiator or panel 
immediately in front of the opening, the size of this opening, and 
consequently the amount of the in-coming air, being controlled by 
a damper or valve or some similar arrangement, and in this con- 
nection it is surprising to note how very few makes are satisfactory, and 
yet probably all engineers are of the opinion that there is not much 
technical skill needed to design a damper. It must be remembered, 
however, that it is almost entirely inaccessible without removing the 
radiator or panel, that it must be very light to handle and easy to 
graduate, and yet any joints or slides cannot be greased or oiled, and 
if it gets jammed, as is particularly common with the “ hit-and-miss " 
variety, it is taken in hand by the most athletic member of the office 
staff with the result that something—generally the handle—carries 
away and the whole thing becomes worse than useless. 


LIGHTING. 


The question of electric lighting and power plant has been pre- 
viously alluded to, and it must be agreed that for the lighting of 
individual rooms the ordinary electric bulb lamp is supreme, but with 
regard to “ general ” lighting, 1.e., large spaces, corridors, large dining- 
rooms, storage rooms, &c., the use of high-pressure gas instead of, 
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say, enclosed arc electrics, is worth very careful consideration, as it 
is, generally speaking, cheaper in working costs, but there is of course 
the question of extra ventilation to be also taken into account. It 
must be noted, however, that the use of several high efficiency bulb 
lamps grouped under one shade is becoming very popular for this 
service. 

One governing factor which decides the size of the light generating 
plant is the proportion of the building occupied by the owners and 
that occupied by independent tenants, as almost invariably, in this 
country at any rate, the owners can put down their own plant to light 
their own premises, but the supply of both gas and electric current to 
other tenants are monopolies in other hands. The use, however, of 
electric lifts, fans, &c., is now almost universal in all high buildings, 
so that the amount of current to be provided must also depend upon 
their number and speed. 

There are several different arrangements for effecting the most 
economical use of the plant, and of course the advantages or other- 
wise of any method will vary according to local conditions, but the 
advisability of using a fairly large installation of storage cells certainly 
appears to be indicated, the dynamos feeding them direct and the 
lighting circuits obtaining their supply direct from them, but the 
power circuits, lifts, fans, pumps, &c., doing so through a booster. 
Of course the switch-board arrangements are such that the cells can 
be cut out in case of necessity and the lighting (and power) circuits : 
run direct from the machines in case of emergency, as the lower 
voltage is very inefficient. 

With reference to storage cells they are “a bit of a nuisance" in a 
building, as very frequently the floor and part of the walls of the 
room have to be sheeted with lead, and special ventilation provided, 
and in this connection the author much hopes that some of those 
present will kindly add to his somewhat limited knowledge of elec- 
tricity by mentioning the reason why some cell rooms are perfectly 
sweet while others have a very “stuffy” atmosphere and a most 
pernicious smell? 

In some cases duplicate supply of current is provided by one 
steam set and stand-by cables from an outside source, e.g., municipal, 
in others duplicate sets are provided, and occasionally with these also 
there is a stand-by cable. Where separate plants for lighting and 
power are installed they are generally duplicated throughout as, being 
smaller individual units, the first cost and space occupied per set is 
not a serious matter. Boosters are rarely duplicated, and storage 
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cells are generally duplicated only to the extent of, say, 10 per cent. 
of their number, which can be cut in to replace any of the other 
cells which may be temporarily misconducting themselves, as it is 
exceedingly uncommon, in fact almost unknown, for all the cells to 
go wrong at the same time. 

LIFTs. 


The design and equipment of lifts is entirely a matter for 
engineers, and presents some very interesting problems. Firstly, as to 
the position of the winding gear, if placed at the foot of the well there 
is the advantage of better attention and supervision, as it is much 
more under the eye of the mechanics in charge of the boiler and 
engines in the basement, as even with large installations it would not 
pay to keep a man stationed at the top, but in case of flooding, say, 
from the extinguishing of a fire in any part of the building, the lower 
position of the gear would probably mean a stoppage, and there is 
also the extra cost and depreciation of the longer ropes and extra 
head pulleys. 

With reference to the winding gear, which is almost universally 
worm-driven, it may be said that the use of a drum round which the 
cage ropes are wound and the balance ropes are unwound, or vice 
versa, is practically a thing of the past in high buildings, and the 
reason will be readily appreciated when the size and weight of a 
drum to coil four ropes, say, 150 feet long, which must be easily 
stopped dead within limits of about 2 to 3 per cent. of its circum- 
ferential length and yet must accelerate quickly and run at fairly high 
rate of speed between such stoppages, is taken into consideration. ' 
With even small ropes, say, 12 inch or 2 inch, the necessary diameter 
of the drum makes it very heavy, particularly as the barrel must be of 
cast metal so as to turn the grooves satisfactorily, and of course the 
interior must be strongly webbed unless the shell is very thick, all of 
which means weight and consequent momentum. 

Another objection to drum winding gear is the “straddle ” of the 
drum, as the ropes in their process of winding or unwinding must 
travel longitudinally along the drum and thus, except in the middle 
of their travel, do not exercise a vertical pull on the cage or balance, 
which not only does the ropes no good, but also tends to increase 
the friction on the guides by pulling the cage or weight sideways, 
particularly near the top. Of course this can be obviated to a certain 
extent by guide sheaves, &c., but, in addition to their extra cost, they 
are very apt to interfere with the sweet running of the ropes in their 
grooves, and possibly to cause cutting by over-riding. 
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There are several excellent forms of friction winding gear, but 
when choosing such there are, in addition to many matters of detail, 
two important points to be borne in mind. First, the gear for taking 
up the stretch of the ropes must be very stiff and incapable of the 
slightest chatter and yet be very easily and finely adjustable, and any 
locking arrangement must remain tight under vibration, and yet not 
need a fitter with a hammer to slacken it back when required. 

Secondly, the friction gear must be such that all the ropes must 
be snugly and fully bedded in their sheave-grooves, as nothing, 
except, perhaps, working over sheaves of too small diameter, is so 
bad for any rope as gripping it on its sides only in a V-groove or 
similar arrangement. Although improvements in the manufacture of 
ropes are constantly increasing their lives, they still remain costly 
items and amply repay special care in their treatment and upkeep. 

The question of safety gear 1s of course also of great importance, 
and such must be practically instantaneous in action, and any too 
great reliance upon springs is apt to be misplaced, as they have a 
tendency to become clogged up with dirt, although this is a risk 
common to all working parts normally out of sight in any machine. 

In Fig. 4 is shown a form of safety gear which is worth some atten- 
tion and which depends for its action not only upon the speed of the 
cage itself but also upon the action of a speed governor which, upon 
any sudden increase of speed, immediately actuates the rope, which 
brings the gear and the grippers below the cage into action. This is 
known as the governor rope as, in addition, it works the speed 
governor which also automatically prevents the lift from attaining 
more than a predetermined speed upon either its upward or down- 
ward journey, and is quite independent of the attendant. It may be 
noted, too, that the safety jaws grip on to the steel cage-guides, and 
not into their wooden backing, as is sometimes the case. This has 
the advantage of a much closer clearance between the jaws and the 
guides but it involves the use of such in the form of tees, which, 
although very efficient, are somewhat more costly than round guides 
owing to their having to be planed or ground instead of turned. 
There are also some excellent gripping devices for use with round 
rod guides, in which the above-mentioned clearance is also claimed to 
be reduced to a minimum. 


FiRE PROTECTION. 


Owing to all modern public buildings being practically fireproof as 
regards their structure, there is not the same need for fire protection 
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Easton's Patent Safety Gear, with Floor and Cabinet Work Removed. 
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equipment as in older buildings in which wood was so largely used, 
but the destruction by fire of valuable contents such as stock, furniture, 
fittings, &c., is by no means unknown and frequently involves serious 
loss, not only from the fire itself, but also from the extinguishing water. 
This has led to the extensive use of chemical fire extinguishers, 
most of which are exceedingly cleverly designed and are very efficient 
for their purpose, which is that of checking the fire at its very 
beginning, but they are of course only of service when there are 
persons present to handle them, which led to the invention, some 
years ago, of automatic fire alarms.* The one shown can be 
adjusted to * work " at any predetermined temperature, and will give 
an audible and also a visible indicating signal at any distant point. 
There are a very large number of instruments similar to this one 
installed which give the signals in several places simultaneously, for 
instance, in the caretaker's house, at a point on each floor for the night 
watchman, and, which is the most important, in the nearest fire-engine 
station. 


SEWAGE AND SANITARY SERVICE. 


The author fears that owing to the length of this Paper having 
already exceeded the average of those generally submitted to the 
Society, notwithstanding his most cursory treatment of the previous 
matters referred to (which, however, he trusts will be sufficient to 
enable him to have the benefit of the views and opinions of many 
of those present), that the very important subject of Sewage and 
Sanitary Service must be even more cursorily treated, although he is 
fully aware that the health and even the lives of several thousand 
people may be endangered by carelessness or slackness in the design 
of this section of the equipment of large buildings. 

In the great majority of modern instances the basement lower 
floors are below the level of the street sewers and means must be 
provided to raise the discharge thereto. Compressed air appears to 
be decidedly the best method, as with pumps working direct, trouble 
is very frequently caused through the choking of the valves with solid 
matter. When designing the upper floor discharges into the street 
Sewers great care is necessary to make them strong enough, as the 
amount of energy in, say, two gallons of water falling fairly freely 
for, say, 100 feet, is quite considerable, and the tendency to split any 
bends in the pipes near the bottom of their fall is worthy of much 
consideration. 


* The author showed the working of an automatic fire alarm. 
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In some cases break-pressure tanks are fitted, in fact the author 
was informed that in some cities in America they are obligatory, 
although such was not the case in those he has visited. Some years 
ago, it will be remembered, there was a “scare” that very long 
vertical soil-pipes in high buildings were a source of danger in that 
they would suck or syphon the traps dry, and thus let the poisonous 
sewer-gas escape into the building, but it is interesting to note that 
recent experiments carefully carried out in a high building in the 
North end of Liverpool have proved that with properly designed 
anti-syphonage pipes, and with care and experience duly exercised in 
the general arrangement, this danger may be said to be non-existent, 
certainly to no greater extent than with buildings of ordinary height. 

In conclusion, the author would tender his cordial thanks to those 
members of the Society and others for their kind assistance in the 
preparation of this paper, and also his indebtedness to the parent 
Institution in Westminster, as, fearing his inability to interest 
engineers in the subjects mentioned herein, the author was en- 
couraged to endeavour to do so when he noted that one of the sub- 
jects suggested for papers to be read before the Institution of Civil 
Engineers is one entitled, * The Design and Equipment of Large 
Public Buildings." 


The Paper was illustrated by numerous plans and diagrams, some 
of which are reproduced in the text. 


* 
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DISCUSSION. v. 


The PRESIDENT moved a vote of thanks to the author. — ..* The President 


Mr. L. H. CHask said that he had listened to the paper with- very Mr. Chase 
great interest. There were many points in it which proved that in’ the E 
modern building the engineer was just as necessary as the architect. ... 
Engineering questions which formerly were not considered by `~ s 
architects because they were of small importance, were now coming ^: ~ 
into prominence, owing to the enormous increase in the size of 
buildings. The question of foundations was the one which interested 
him most, and in regard to the rafts spreading the loading equally over 
the site, it was evident that on a very heavy building it would be by 
far the best plan that all the loads should be brought down on to a 
very solid stratum. The point to be considered in connection with a 
building was, of course, not settlement, but unequal settlement, 
because in most cases settlement occurred, but no harm resulted so 
long as it was uniform. To have a raft strong and rigid enough to 
withstand deformation due to unequal loading must be the next best 
thing to going down to a stratum that could not move, but it seemed 
to him that if walls and isolated loads were dealt with separately 
without reaching a solid stratum the matter would require extremely 
careful consideration, for unless the support given to the separate 
loads was exactly proportional to those loads, there would be unequal 
settlement and cracks. 

With regard to the types of retaining walls, type A, in most cases, 
would take up all the room, and therefore the other types would have 
to be adopted. In these other types the floor of the basement must 
be able to keep the walls from failure by sliding forward. Type D 
looked as if it would be economical on account of the strength given 
by the counterforts. In the case of C, however, great care would have 
to be taken to make sure that the friction at the back of the wall was 
sufficient to prevent its rising and overturning about some point in 
front of the toe. This might be prevented by the weight of a building 
if planted on top of the wall. In types C and B, very great saving 
could probably be effected if a strut could be inserted at the top of 
the wall This would often be quite feasible, as a basement was not 
like an open cutting. 
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With regard ty. the author's reference, on page 85, to the steel 
carrying almost'st$ full complement of load, with all due respect to the 
report of the Royal Institute of British Architects, it would be 
interesting to' know whether it had been proved by experiment that 
in the case óf a spiral column the vertical reinforcement would really 
take a complement of the load, calculated at the ordinary ratio 
between the concrete and the steel, viz, 18 to 1. This meant that 
y hen à combination of steel and concrete was compressed, the steel 
-tgok 15 times per square inch what the concrete took per square inch. 
_ Now in any column of given length the intensity of the pressure 
* depended on the amount of shortening due to theload. In a column 
made up of steel rods and concrete the shortening was the same in 
amount for steel and concrete, and in practice this gave an intensity of 
stress 15 times greater on the steei than on the concrete. If, however, 
the bearing power of the concrete were increased by winding a spiral 
round it, the increase in strength must be due to the prevention of 
its lateral swelling. If, however, it could not swell it surely could not 
shorten as before, and consequently the relative shortening of the steel 
rods and concrete was changed, and with it, the ratio of 1 to 15. It 
would appear that the ratio must be reduced and that where the 
strength of the concrete was increased by spiral winding, the load 
carried by the steel was not proportionately increased, but according 
to the report in question, if the compression on the concrete were 
increased to 1000 lbs. per square inch by spiral winding, the steel 
took a proportionately increased amount. It was a point that was 
difficult to follow, and it would be interesting to know whether the 
conclusions in the R. I. B. A. Report were the result of experiments 
or the result of theory. 

Mr. J. A. DAvENPORT remarked that although the paper dealt 
with a great many subjects the one with which it dealt chiefly was that 
of structural engineering. He agreed with the author's remarks on 
page 80 relative to the question of concrete superseding steel work. 
The position of reinforced concrete had advanced very rapidly ; 
20 years ago it was practically unknown, whereas to-day examples 
were to be seen on every hand. Another evidence of the development 
was the fact that the London County Council's regulations for 
reinforced concrete construction would shortly be issued. They had 
been under consideration for some time and had been deferred, but 
now they only required the Local Government Board's approval. 
With reference to the attitude of the Local Government Board in 
regard to loans for buildings, only a few years ago 20 years was the 
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maximum period allowed for repayment, but the Board had now 
expressed its willingness to sanction a period of 30 years, and it was 
desirable that the period should be still further increased, because the 
material fully warranted it. 

Although great strides had been made, the development would 
have been much more rapid had more been known about the material. 
The knowledge of the material was confined to a comparatively 
small number, and that knowledge was very small despite the fact that 
much time and money had been spent on experiments. These 
experiments had been going on all over the world, but they had been 
made on so many different lines that comparison was difficult between 
those made in America and those made in England. One person 
might deal with experiments on 6 to 1, and another on 10 to 1, but the 
elasticity of concrete depended upon several things, so that before a 
thoroughly sound theory could be built up it was necessary to know 
all about the material. Inthe case of steel it was somewhat different ; 
there was a tension flange and a compression flange, and it was all the 
one material, and the elasticity was practically the same for wrought 
iron as for steel, but in the case of concrete it was altogether different. 
One man might be using concrete with an elasticity of 3,000,000, and 
another of 2,000,000, and then there was the connection of one beam 
to another. The concrete was heterogeneous as compared with a 
steel beam. In the steel beam there was the force binding one to 
the other, i.e, cohesion, but in the case of concrete beams it might 
be cohesive or it might be adhesive. Wonderful progress had been 
made in the material, and he was of opinion that some Institution 
should take upon its shoulders the organisation of all tests and the 
formulation of a standard quality, for, given a standard of concrete 
and a standard of steel, all the results would be incorporated and one 
would assist the other, whilst all the work would go to the one end of 
increasing the world’s knowledge of the material. 

Regarding the question of foundations, there was one aspect of the 
matter that he might mention, and that was the consolidation of the 
ground when getting down with heavy loads by grouting; providing 
the ground was of such a nature as to render this possible, it was 
probably a cheaper undertaking than piling. The method con- 
_ sisted in pumping and making a solid concrete of the ground, but 
of course if the ground would not mix with the cement, then it was 
not possible. 

Regarding the question of piles built in situ, such piles had an 
advantage in that they had not to be lengthened or shortened, and 
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the factor of safety was higher because those piles were driven by 
means of a steel tube. A very smooth surface was obtained, and the 
set was taken with a low coefficient of friction. There was the 
disadvantage that a greater area of pile was required because it was 
not reinforced as it was in the case of the cast and driven pile. On 
page 82, the author had referred to a combination of raft and piling, 
but Mr. Davenport did not entirely agree with him, and thought that 
it ought to be one or the other. If he meant a raft going over the 
piles monolithically that was all right, but the paper failed to prove 
that separate rafts were an advantage if they could be employed, 
because the tendency of high buildings was not only to go up but to 
go down, and there was a great risk of striking water, and therefore 
the raft must be made a part of the foundation. In speaking of the 
foundations the author had omitted to mention steel grillages. Quite 
a large number of buildings in this country were built on the steel 
grillage system. | 

Referring to basements and the retaining walls which were shown 
in Fig. 1, the latter had no heel and there might be trouble if they 
were made in that way. On page 83, the author had mentioned 
15 feet as the height on which he would build. In February last, 
Mr. Davenport had read a paper before the Concrete Institute, in 
which he had shown clearly that with the materials available it was 
best to use thin slabs, and if he were designing a wall of 15 feet in 
height he would design it with slabs and beams; 15 feet was, he 
thought, on the high side. Mr. Chase had spoken of tying the wall 
to the columns which carried the loads on the structure ; the retaining 
walls should be tied to these columns in order to resist the earth 
pressure with a minimum width of base. 

With regard to the subject of the waterproofing of concrete and 
the author’s statement that even with carefully graded aggregate it 
was very difficult to ram the concrete and to make it waterproof 
in practical work, he did not agree, and he would be almost 
prepared to take a somewhat leaner mixture of 6to 1. There were 
three methods of waterproofing concrete, viz., the integral, the 
superficial and the membrane methods. The integral was when the 
waterproofing medium was mixed throughout the concrete, the super- 
ficial had the medium incorporated in the surface, and the membrane 
had it quite distinct from the concrete. If waterproof concrete was 
required, a non-porous aggregate must be used, so that no spaces 
would have to be filled up and made waterproof by other materials. 
He was at the present time engaged upon experiments which were to 
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be incorporated in a paper which he was preparing in collaboration 
with Professor Perrott, and hoped to have some interesting results 
later on. Another method was to fill up the pores with an insoluble 
material, such as slaked lime and china clay, but it was not a satis- 
factory method. A further method was the use of water repellant 
lime soaps ; these ought not to be used, because being naturally water 
repellants they gathered in lumps and could not be uniformly mixed. 
Unfortunately, the great majority of the waterproofing compounds 
were composed of these materials. 

With regard to the superstructure, the author had mentioned the 
Melbourne Public Library, which was erected on the Kahn system. 
The Kahn system was not the only system, and there existed many 
fine structures on the Hennebique, Considére, Coignet, and other 
systems. 

With reference to the question of fire resistance, on page 85, the 
author had referred to the protection of steel work. What he had 
said about the use of terra cotta tiles was undoubtedly true; they 
should not be used, but the concrete must be used in a proper way, 
and not in the way some people were inclined to use it, viz., filling up 
the area with pipes, &c. There should be no wood blocks in the 
concrete or they would be very quickly burnt out, nor should there 
be bolt heads, because metal was a good heat conductor, and the 
heat was conducted rapidly to the inside. The question of fire 
resistance was a very important one, and unless a building was fire 
resistant in every part, it was not fire resistant. A fire might originate 
from either the outside or the inside of a building, and to prevent 
it from entering if it were on the outside, or from spreading out- 
side if it were on the inside, the windows, doors and walls must be 
fireproof. 

The author had given 600 lbs. per square inch as the maximum 
stress. The Royal Institute of British Architects allowed higher 
stresses than that, and by combining spirals in various ways, 1,500 lbs. 
could be reached. 

With regard to the question of spiralling concrete, to which 
Mr. Chase had referred, concrete was formed by taking broken stone 
or brick and mixing with sand, cement and water. "The broken stone 
and sand, before the treatment, could not sustain a load, because it 
would spread. It must be prevented from spreading by a force from 
the inside pulling it in, provided by the cementitious properties of the 
cement, and so concrete was formed, but exactly the same result could 
be obtained by providing an outside force, so that the use of the 
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spiralling increased the strength of the concrete. The use of spiral 
reinforcement in the middle span of a beam, as was shown in Fig. 3, 
was rather the exception than the rule. He was not aware of any 
example, but it was quite possible if different beams were used, 
though in his opinion it was unnecessary. In the last lines of page 87 
the author had referred to various stresses, but he had not given the 
shear, which was manifested as diagonal tension. 

He was not in agreement with the author in regard to ** mush- 
room ” floors. The most economical floor was the one constructed 
on beams, and he would be prepared to design a slab and beam 
floor at the price of those ** mushroom” floors. Then again, there 
was a practical defect in those floors. "There was such a multiplicity 
of bars crossing over the column head that there was great risk of 
there being insufficient concrete to tie all the bars together, and of 
the two, insufficient concrete was more dangerous than insufficient 
steel in any reinforced concrete work. The subject of staircases was 
referred to, and in the case of a fire occurring in a large building 
accommodating thousands of people, the width of the staircases could 
not be too great. Asarule it would be found that the lifts could 
not be used at the time of a fire, and the question of staircases 
should therefore not be dismissed in such a perfunctory manner as 
it had been in the paper. 

Mr. F. E. G. BADGER observed that when reading through the 
paper on the first occasion he had felt that the various sub-sections 
were too important to be dealt with during one evening, and that 
there was probably a sufficient difference of practice in all of the 
sections to warrant a separate paper on each. In connection with 
reinforced concrete the custom was for specialist firms to appoint 
representatives who came into contact with architects and who 
received from the architects outline plans, generally to 34-inch scale ; 
and from these the specialist firms prepared and submitted designs 
accompanied by a tender for the complete work. If the architect 
was competent to design the building he certainly would not consult 
the specialist firms, and it must therefore be assumed that he did not 
sufficiently understand the subject. It seemed absurd that a man 
should receive a number of designs and not have the necessary 
special qualifications to decide which was the most satisfactory one 
from the point of view of strength and price. The specialist firms 
must exist, and competition was so severe that probably only about 
10 to 15 per cent. of their designs were successful, and of course all 
the expense of establishment charges in connection with the un- 
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successful designs had to be borne by the contracts in which the 
particular firm was successful. In any particular building, taking any 
beam with the same section and loading, the same calculated area of 
steel must be required, but many of the specialist firms were so expert 
that they were prepared to take more than ordinary risk in the hope 
of being successful. So long as the building remained up it was 
impossible to tell without calculation —and it was in the method of 
calculation where the difference of opinion arose—whether the factor 
of safety was 34 or 4; in fact, it was only when the building either 
came down or showed signs of weakness in particular parts that 
anything was known to be wrong. 

In the second paragraph of sub-section 2, the author had referred to 
the impossibility generally of extending the raft beyond the building 
lines. It might be important to mention that so far as Liverpool was 
concerned, probably no objection would be raised to the extension of 
the raft foundations beyond the building lines abutting on the street, 
and ‘‘ building lines” might therefore be altered to “ boundaries " in 
the paper. 

With regard to the retaining wall, type C, the author had stated 
that it was more difficult in this design to keep the resultant within 
the middle third, but it would appear that if the sole of the wail 
was sufficiently extended the arrangement of the resultant could be 
as desired. He agreed with Mr. Davenport that the sketch should 
be completed with the introduction of a heel, as manifestly in type C 
it would reduce the tendency to slip forward. His experience of 
these walls showed that the slab and beam method worked out 
cheaper. 

The author had referred to waterproofing concrete, and Mr. 
Davenport had also dealt with it, but it seemed to Mr. Badger that 
the first five words of the paragraph, viz., “by carefully grading the 
aggregate," were of the utmost importance, as if this was not done, 
it was utterly useless to put in waterproofing material at all. The 
dome, as illustrated, was certainly a very fine piece of work, but 
probably most of the other specialist firms could produce just as clever 
an example as the one mentioned, and he was sure that a consulting 
engineer who had specialised in reinforced concrete would do some- 
thing equally well, if not better. 

In regard to the question of stresses, mentioned on page 85, he 
had designed columns which had been stressed up to 1,500 lbs. per 
square inch, or half as much again as the 1,000 lbs. mentioned by 
the author. 
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With reference to the question of hollow floor construction, 
alluded to on page 88, whilst the question of sound was an important 
one, it seemed strange that some of those hollow constructions 
tended to increase the sound rather than to diminish it. He did not 
profess to be an expert in this branch of physics, but an analogy 
occurred to him that by taking a bell and striking it on the outside, 
considerable vibration and sound waves would be produced, but if 
such a bell was solid instead of hollow it was manifest that the sound 
would not be nearly so great. In these structures, if the secondary 
beams extended longitudinally and were from one to three feet 
apart, with hollow forms or tubes extending from one beam to another, 
it seemed to him that with the load falling on the beam the noise 
would be more likely to be increased instead of reduced ; if a non- 
conductor was required, a false ceiling must be provided entirely 
apart from the floor. He had also heard the view expressed that the 
sound might probably be carried along the beams to the columns, 
and then into the rooms alongside; and the author's opinion on this 
point would be interesting. 

Reference was made in the paper to the question of staircases, and 
he quite agreed with the previous speaker as to the importance of 
these. 

With reference to lighting, the author had not mentioned the use 
of reflected light, which, in Mr. Badger's opinion, was much superior 
and easier to work by, particularly for an engineer doing drawing 
work, and although more expensive by something like 25 per cent. 
than the ordinary illuminant, the superiority to his mind was certain. 
The author had stated that hot water could be taken from the 
heating system for lavatory purposes, but Mr. Badger would more 
readily agree with the remarks which the author had added, that this 
was not advisable in large installations, in which a separate system 
was indispensable. He was not quite clear in regard to the author's 
reference to peak loads, because it seemed to him that the heating 
installation would require no assistance from live steam during peak 
loads, for the reason that during peak loads the exhaust steam was 
at a maximum. The author had also referred to water tube and 
sectional boilers. Mr. Badger supposed that cast-iron sectional boilers 
were referred to, as these would not be at all suitable for high- 
pressure steam. 

On page 95 the author had asked in regard to the building where 
the cells were stored — * why some cellrooms are perfectly sweet 
* while others have a very stuffy atmosphere and a most pernicious 
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smell.” The reason unquestionably was that they were not properly 
ventilated. He had been in rooms where the inlet and outlet were 
at the same end, consequently there was no circulation of air and a 
very depressing atmosphere, but if the inlet and outlet were placed at 
opposite ends of the building, good. air was obtained throughout, 
. and the cellroom would remain sweet and agreeable. 

On page 97 Mr. Auden had referred to some form of inaccessible 
damper. These dampers need not be inaccessible if arrangements 
were made for the skirting to be hinged in accordance with the 
modern practice in Liverpool. 

The PRESIDENT, before calling upon the author to reply to 
the discussion, said that there was only one remark he would make 
out of the many he had intended to make had time permitted. 
The author had referred to the careful grading of the aggregate, 
and Mr. Badger had also referred to the matter. It seemed to 
be absolutely necessary that careful attention should be given to 
this point if concrete was to be made economically. If the results 
obtained for concrete varied, it was owing to the aggregates 
not being sufficiently graded and experimented with in the first 
instance. 

The AUTHOR, in reply, said that in reference to the first remarks 
of Mr. Chase regarding settlement, of course all were agreed that 
if the settlement was quite uniform it did not matter, but it did 
not mean that the whole of the basement might be a raft, except 
under very exceptional circumstances. To answer Mr. Chase and 
Mr. Davenport, the heel was not left out by accident, and it was 
not necessary, as the wall of the main building prevented any 
tendency for the retaining wall to slide inwards. With regard to 
experiments in general, a large number had been made, particularly 
by the French Government, and so far as one could judge, they 
seemed to bear out the theoretical formule very closely. He was 
very glad to hear what Mr. Davenport had said about the Local 
Government Board loans, because the more they could be extended 
the better. With regard to experiments in, say, the United States, 
the Continent and England, it was a pity that there was not greater 
uniformity in the standards of steel and concrete, as there was now a 
standard of sand. He was of course familiar with the steel grillage 
form of foundation, but it was somewhat costly. With reference to 
the projection beyond the boundaries, also mentioned later by 
Mr. Badger, he was very glad to hear that the local authorities were 
now more liberal in allowing a little beyond the exact building lines. 
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He had also been glad to hear Mr. Davenport mention another fine 
dome. He had chosen the one shown out of a large number, as it 
appeared to be more illustrative of the point which he desired to 
bring forward, but had there been sufficient room at his disposal, he 
would have liked to have shown an illustration of every representative 
system. He quite agreed that he had not made quite enough point 
of shear stresses, but as had been stated, there had been a good deal 
to bring into the paper and he had been obliged to omit many points 
of interest. 

He agreed with everything that Mr. Badger had said regarding 
system specialists. The man who took the greatest risk obtained the 
greatest amount of work, as he could quote a lower price, and 
unfortunately price was almost invariably the dominant factor, 
because only very few architects had the requisite knowledge to judge 
any questions of strength and efficiency, as shown in the plans sub- 
mitted to them. 

The careful grading of concrete was an exceedingly important 
point, and one to which he always gave very close attention. The 
figure of 1,000 lbs. per square inch compression which he had used, 
was a round figure to illustrate the calculation, and was not intended 
to be taken as a limit. 

With regard to the increase of sound, he had not an opinion on 
the subject. Some people held that solid floors were the most sound- 
proof, but he had known many cases where they were absolutely the 
opposite, and again, he knew of buildings with hollow floors where 
the results were just as bad. It appeared to be a matter due to many 
other things than the actual construction of the floor. “Sectional 
boiler" was perhaps not a happy expression, but high pressure 
sectional water tube boilers, such as the Babcock and Wilcox type, 
had been in his mind. 

With regard to the question of the duplication of boosters, in 
28 cases that he had noted, there was only one in which the boosters 
were duplicated, which showed that they were evidently very reliable 
pieces of machinery. 

He was pleased that the President had agreed with him in regard 
to the careful grading of materials, such being, as stated in the paper, 
of great importance in ensuring sound work. 
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CORRESPONDENCE. 


Mr. T. R. WILTON regretted that time had not permitted his 
taking part in the discussion, as there were several points in the 
paper dealing with reinforced concrete construction which were of 
especial interest to him, although his experience was confined to the 
use of reinforced concrete in dock warehouses and in jetty and 
‘foundation piling. 

Dealing first with the author’s statement on page 81, that cast and 
driven reinforced concrete piles could be handled and driven exactly 
as a wooden pile would be, this could hardly be intended to be taken 
literally because, if so, the statement could not be considered correct. 
Mr. Wilton had experience of the casting and driving of large 
hollow reinforced piling of 20 inches diameter, used in supporting a 
large transit shed, and in this case considerable care had been 
necessary in handling the piles in order that they might not be 
unduly stressed before being got into the vertical position. There 
was also another point to remember, and that was that reinforced 
concrete piles could not be subjected to the rough treatment which 
wooden piles could stand with impunity; they possessed great 
advantages, but it was only fair to give the wooden pile its due, 
and to acknowledge that it had some advantages over the reinforced 
pile. 

He could not agree altogether with Mr. Auden’s views as to the 
combination of rafts and piling, as there would be danger of unequal 
settlement and consequent cracking. In comparing the reinforced 
and plain walls, type A and type B in Fig. 1, he thought Mr. Auden 
was hardly fair to the solid wall because, if the base of the solid wall 
was placed outside the line of building, as was the base of type B, 
the objection that type A projected inside the building would not 
exist, and the amount of excavation would probably be much the 
same in both cases. 

There was no doubt that reinforced concrete construction had 
many great advantages in building work, although its erection must 
always be a source of anxiety to the engineer responsible for the 
design. Mr. Wilton felt that it was of the very greatest importance 
that thoroughly reliable inspectors should be employed by engineers 
responsible for such work, and that the correctness of the work should 
not be left to contractors. 
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THE AUTHOR, in reply to correspondence on the paper, agreed 
with Mr. Wilton that reinforced concrete piles could not be handled 
quite as easily as wooden piles, owing to their greater weight, &c., but 
what he had intended to convey was that the method of driving was 
the same. With long piles care must undoubtedly be exercised in 
handling, especially in the case of hollow piles, as mentioned by 
Mr. Wilton, and these should be designed and reinforced to take all 
bending stresses induced in lifting to a vertical position. With 
regard to the actual driving, this should preferably be done with 
steady uniform blows with a short drop, and it was surprising, 
particularly with spirally reinforced piles, how little damage was 
done to the head of the pile even when no helmet or dolly was 
employed. | 

Mr. Wilton had expressed some doubt as to the use of a com- 
bination of raft and piling, but many important structures had been 
erected on foundations of this description, it being a very suitable 
arrangement when the site was bad in “ patches." 

With regard to Mr. Wilton's remarks as to the excavations for plain 
and reinforced concrete retaining walls being the same when placed 
outside the building line, this was undoubtedly true, but reinforced 
concrete walls were cheaper than plain concrete walls, apart from any 
saving in excavation, especially when the height was considerable. 

The author fully endorsed Mr. Wilton's remarks with reference to 
careful inspection and supervision being necessary during the progress 
of reinforced concrete work, as few workmen seemed to realise the 
degree of exactitude which was necessary to ensure a good and 
reliable job, and it was obviously useless to have refined calculations 
when the actual carrying out of the work was done in a “ slip-shod " 
manner. He cordially agreed with Mr. Wilton—as he had previously 
done with Mr. Badger in the discussion—that questions of the design 
of any structure should not be left to the contractors, who had quite 
enough to do and responsibility to undertake in carrying out the 
actual work itself. 

In a further written reply to Mr. Chase's remarks as to the pro- 
portion of load carried by the vertical reinforcement in spirally 
reinforced concrete columns, the author stated that such remarks 
were of considerable interest as opening up a field in which some 
uncertainty existed. The modulus of elasticity of mild steel was very 
closely 30,000,000 lbs. per square inch, but that for concrete varied 
greatly according to gauging, workmanship, age, &c. It was, how- 
ever, definitely fixed by the rules and regulations of the Royal 
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Institute of British Architects, and also the draft regulations of the 
London County Council, to be 2,000,000 Ibs. per square inch, this 
giving a modular ratio of 15. 

As showing the great difference of opinion existing on this subject, 
the author wished to draw attention to the recent experiments 
carried out by Mr. W. C. Popplewell, of the Manchester School of 
Technology, in which the modulus was found to be 30,200,000 for 
mild steel, and 1,535,000 for some concrete, i.e., a ratio of 19:8 to 1. 

The official regulations as above referred to, which were practically 
the only accepted authorities here, did not mention to what extent 
lateral reinforcement affected the modular ratio, but from experiments 
carried out by M. Considére it would appear that lateral binding, 
whilst greatly increasing the compressive value of the concrete, did 
not increase the modulus of elasticity to any notable extent, and that 
columns so reinforced deformed much the same as columns of plain 
concrete. Having regard to these experiments, and also to the fact 
that the modulus of plain concrete was frequently below 2,000,000 lbs. 
per square inch, it appeared reasonable that those responsible for the 
above-mentioned rules and regulations should have taken a modular 
ratio of 18 with columns reinforced laterally, especially as the load 
taken by the steel was limited by the same rules and regulations to 
half the elastic limit, or a quarter of the ultimate strength of the 
metal, i.e., about 15,000 lbs. per square inch. 

As before mentioned, there existed a great deal of uncertainty on 
this subject, and it undoubtedly seemed to be indicated that further 
experiments as to the value of the modulus of elasticity of concrete 
with varying forms and amounts of lateral bindings should be made, 
but he desired to point out that the difference in the calculated 
strength of a column with the modular ratio taken at 19:8 (as 
found by Mr. Popplewell) and 10 (ie. concrete with a modulus of 
elasticity of 3,000,000), and assuming as before the not infrequent 
ratio of 5 per cent. of steel verticals and the value of the concrete as 
600 lbs. per square inch, would be as follows : — 

Where m 19:8 
P € [4 * (m - 1) 4v] 
= 600 [1 + (19:8 - 1) x 5 per cent. ] 
= 1,164 lbs. per square inch. 
Where m = 10 
P = 600[1+(10 — 1) x 5 per cent. ] 
= 870 lbs. per square inch. 


The Author 


The Author 
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i.e., a difference of practically 100 per cent. in the modular ratio 
effected a difference of about 34 per cent. in the value of the column, 
but, as would be found upon further calculation, this difference in 
the value of the column was less marked with a smaller percentage of 
steel, i.e., with 1 per cent. of verticals and practically 100 per cent. 
difference in the modular ratios, the value of the column only varied 
by about 9 per cent. 
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7th January, 1914. 


FRANCIS E. COOPER, Assoc. M. Inst. C.E., President, 


in the Chair. . 


WILLIAM MAXWELL BALFOUR, B.Sc. (Glasgow) and JOHN LARKING 
were elected Members. 


“The Growth of Public Electricity Supply.” 


By OswiN HANSOM, 


A.M.I. Mech. E., A.M.I.E.E. 


IN almost every town of over 20,000 inhabitants, and in many of 
a lower population, there is now to be found a public supply of 
electricity at moderate charges for lighting, motive power, heating and 
general domestic use, and in fact it is difficult to find any but the 
smallest villages without its Electricity Supply Undertaking. 

In addition to this there are fast travelling electric tramcars in 
almost every town of over 100,000 inhabitants, and where these towns 
are near each other, as in Lancashire and Yorkshire, intercommuni- 
cation has been established either by the municipalities themselves or 
by companies forined for that purpose. 

In London the huge network of underground railways and the 
tramways in the outer suburbs are now worked by electricity, and 
electric trains are run between London and suburbs, Liverpool and 
Southport, Liverpool and Birkenhead, &c., not forgetting the Liverpool 
Overhead Railway, which, with the City and South London Electric 
Railway Co., can claim to be the pioneer electric railway in this 
country. 

Little of this existed 25 years ago, when electricity was looked 
upon, not as an everyday need, but as a strange and unknown 
agent. 

The official returns for 1913 show capital invested in electrical 
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undertakings, either as share capital subscribed, debentures, or loans 
to municipalities, as follows :— 


Companies Supplying Electricity ve ... £20,041,186 
Corporations Supplying Electricity... ms 43,747,546 
Companies Supplying Tramways Sas Em 6,068,326 
Corporations Supplying Tramways  ... ios 41,749,115 
Manufacturing ... 234 -— yis a 54,968,692 

Making a total of js .. £166,574,865 


The total capital invested in electrical undertakings, including 
railways, telephones, telegraphs, electricity supply and tramways, 
manufacturing companies and foreign companies whose registered 
offices are in England, but exclusive of Government telegraphs, is 
£435,112,179. Yet people still say that electricity is in its infancy. 

Public electricity supply undertakings are worked under provisional 
orders granted by the Board of Trade to Companies or Corporations 
under the Electric Lighting Acts of 1882, 1888 and 1909. Since 
1899 such orders usually incorporate, by reference, the provisions of 
the Electric Lighting (Clauses) Act of 1899, which was passed to 
obviate the necessity (which previously existed) of setting out at length 
in each order a complete code governing the supply of electricity. 
Orders are now therefore much shorter than they used to be, and 
there is a greater uniformity of conditions. 

In the case of municipalities sanction must be obtained from the 
Local Government Board to enable them to borrow money upon 
the security of their rates, in order to defray the capital cost of 
buildings, machinery, mains, land, &c., but such loans are not 
reckoned as part of the total local debt for limiting the municipalities’ 
borrowing powers for other purposes. 

In the County of London the London County Council sanctions 
the borrowing of loans by the Metropolitan Borough Council, and 
also advances the money. 

The municipality having prepared its scheme and submitted it to 
the Local Government Board, an inspector is sent to hold a public 
enquiry locally, and to hear such evidence for or against the scheme 
as may be offered. Later, the Local Government Board grants its 
sanction or otherwise to the raising of a loan for the purposes specified, 
and states a period in which the loan must be repaid. 

The earlier undertakings were promoted by companies formed 
for that purpose between the years 1883-1893. Many of these were 
in London, where the companies still supply most of the wealthiest 
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districts. As instances of this there are The Charing Cross and Strand 
Electric Lighting Co., The City of London Co., The Kensington and 
Knightsbridge Co., The Metropolitan Co., The St. James and Pall 
Mall Co., The Westminster Electric Supply Co., &c., to the number 
of fourteen. 

In the provinces, electric supply companies were formed in 
many of the larger towns, such as Liverpool, Birmingham, Sheffield, 
Leeds, Newcastle-on-Tyne, &c., but speaking generally, electrical 
undertakings in the provinces have been the result of municipal 
enterprise, which entered the field about the year 1892. 

In many cases where the Parliamentary powers were already in 
the hands of companies the corporations entered into negotiations 
for the purchase of these companies’ undertakings, as in the case of 
Liverpool, Birmingham, Leeds, Sheffield, &c. 

Credit is due to the municipalities for the great impetus they gave 
to electricity twenty years ago. ‘They may have reflected that most 
of the gas industry was in the hands of private companies, or they 
may have thought that public services are best conducted by the 
municipality, or again they may have foreseen that there was money 
in it, with which to assist the rates ; suffice it to say that nearly every 
corporation in England applied for powers to supply electricity within 
its own area within a very few years of 1892. 

At that time the corporations were in a very strong position as 
regards raising the necessary capital to carry out their obligations 
under their provisional orders. Many corporations were able to 
borrow money on the security of their rates at 23 per cent. interest, 
and the Local Government Board allowed them from 30 to 40 years 
in which to repay their loans, so that a sum equal to 54 or 6 per cent. 
was sufficient to cover both the interest on the capital borrowed, and 
sinking fund to repay that capital. Latterly, corporations have been 
unable to borrow money at less than 3$ and 4 per cent. interest, and 
the Local Government Board have gradually reduced the number of 
years in which the loan must be repaid, but even now 7 per cent. will 
usually cover both interest and sinking fund. 

An electricity supply undertaking is a business which is ever 
growing and ever demanding fresh capital. For this reason cor- 
porations have been better situated in regard to the development of 
their undertakings than companies, because with their rates as security 
there has never been any shortage of capital at reasonable rates of 
interest, wherewith to meet a growing demand. 

Companies, on the other hand, though possibly in a better position 
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to conduct their business profitably and economically, cannot obtain 
capital at anything like such a low rate of interest, and owing to the 
fact that their provisional orders are only granted for a fixed number 
of years (usually 42 years) an adequate depreciation and reserve fund 
must be built up. 

In some continental towns this has been recognised, and cases can 
be quoted where Local Authorities have borrowed money on the 
security of their rates and have invested it in their local electricity 
undertaking in the form of redeemable debentures, the supply 
company each year paying the sinking fund and interest to the local 
authority, probably plus some small fee to cover costs. 

In this way the Local Authority has a distinct interest in the 
welfare of the company, and the company, being provided with part 
of its capital at a low rate of interest, is better able to serve the 
community by taking its supply to those parts of the town where a 
profitable return cannot be expected for several years. 

Such an arrangement could only be made in England with the 
authority of an Act of Parliament. A similar power was given to the 
Corporation of Kings Lynn in regard to a new dock scheme some 
years ago. 

Many corporations, after providing for sinking fund and interest, 
allocate the balance of their profits to “ Relief of Rates,” making little 
or no provision for reserve or depreciation, and indeed they had no 
specific powers to do so until the Electric Lighting Clauses Act was 
passed, or unless power to do so was given by the Provisional Order. 
When, however, the period for repayment of their loans approximates 
to the probable life of the works for which they were borrowed, there 
is not the same need to provide depreciation as there 1s in the case 
of a company, which does not generally pay off a portion of its capital 
every year. 

Owing to the rapid growth of the business in many towns it has 
been found economical to scrap small engines, dynamos, boilers, &c., 
many years before their portion of the loan has been repaid. 

Notwithstanding the fact that a corporation pays off part of its 
capital every year, it is advisable, where possible, that a fund should 
be provided to meet this and other eventualities, and the Electric 
Lighting Clauses Act enables a corporation to set apart, out of the 
profits of the undertaking, such a sum as they may think reasonable, 
and to accumulate it at compound interest, until the fund so formed 
amounts to one-tenth of the total capital expenditure of the 
undertaking. 
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Liverpool is one of the few towns where this wise policy has always 
been followed, and the author believes he is correct in saying that the 
Corporation has a reserve and renewals fund of approximately 
£300,000. 


SYSTEMS OF SUPPLY. 


Electricity is supplied either as direct current, or as alternating 
current. In the direct current system the flow of electricity is always 
in one direction, there being two distinct poles, the positive pole and 
the negative pole. In the case of alternating current the polarity 
varies many times per second, this being known as the “frequency ” 
or “periodicity” of the current. In the earlier alternating current 
systems, a frequency of 83 or 100 periods was used, but with modern 
plant 50 periods is becoming standard. It was supposed that low 
periodicities would produce a flicker when used for lighting, but in 
practice 50 periods is quite satisfactory. 

Alternating current is again sub-divided into single-phase, two- 
phase, three-phase or multi-phase. Single-phase alternating current 
is always supplied to consumers for lighting. Two-phase is little 
used, and three-phase current has many very great advantages, more 
especially when required for motive force. 

_ The first electric lighting plants were designed to supply direct 
current at a pressure of 100 or 115 volts. Two cables were taken 
from the generating stations through the streets, and branched into 
the premises to be lighted. It was soon found that very large cables 
were required on account of the drop of pressure, and in order to get 
over this difficulty, Dr. Hopkinson devised the *three-wire system,” 
which eased matters for the time being. 

It is not proposed to explain in great detail the working of the 
* three-wire system," except to say that by laying a third or neutral 
cable of half the sectional area of either the positive or negative cables, 
and connecting each house between this neutral cable and either the 
positive or negative, it became possible to supply many more customers 
without exceeding the drop in pressure allowed by the Board of 
Trade. In this arrangement half the houses being connected between 
the positive and neutral cables, and half between negative and neutral 
cables, the two sections became virtually “in series," any difference 
between the demands of the two sections being returned to the 
generating station by the neutral wire. 

Dynamos supplying this system generated electricity at from 200 
to 230 volts, the houses still being supplied at 100 to 115 volts. A 
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small rotary machine known as a balancer was used to deal with 
the “out of balance” current returned to the generating station by 
the neutral wire. 

At this time, about 1890, the Board of Trade regulations provided 
that a pressure of not more than 115 volts should be supplied to 
consumers, and in fact the carbon filament lamps then in use were 
` not manufactured for greater pressures. 

The rising price of copper and the consequent heavy cost of 
feeder cables soon put a stop to any very great development of this 
system in large towns, and engineers turned their attention to the use 
of a single-phase alternating current. 

The first alternating current system introduced was known as 
the ‘‘house-to-house system," and was used by both the supply 
companies at Newcastle-on-Tyne, some of the London Companies, 
the Yorkshire House-to-House Co. at Leeds, &c. Electricity was 
generated in most cases at 1,000 or 2,000 volts, and cables supplying 
at this pressure were laid in the streets, branches being taken into 
the cellars of consumers’ houses. In each house was installed a 
small apparatus called a transformer, which reduced the pressure to 
100 volts for use at the lamps. There were so many obvious 
objections to this system that it was soon displaced. 

The first variation consisted in placing transformers in cast-iron 
street boxes, each transformer supplying several houses with low- 
pressure alternating current. This again was soon found inadequate, 
and was superseded by large transformers in underground chambers 
or sub-stations, which supplied the surrounding district, the trans- 
formers being wound to supply alternating current on the three-wire 
system as described before. Thus, each sub-station supplied an 
independent low pressure three-wire system of mains, which were 
interconnected, or not, according to circumstances. 

A very large number of towns adopted this system and still use it. 
It is a most satisfactory system where a lighting business only is 
conducted, but it has undoubted drawbacks, the chief of which is that 
a single-phase alternating current motor is not as satisfactory for most 
purposes as the direct current motor or the three-phase current motor, 
owing to its poor starting torque, and inability to deal with an over- 
load. 

This system held the field until the Board of Trade altered their 
regulations and allowed pressures of up to 250 volts to be used on 
consumers’ premises for lighting, and up to 500 volts for motive 
power. This gave the direct-current system another lease of life. 
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All the users of this system promptly doubled their pressure, thus 
doubling the capacity of their existing cables. 

By this time, 1894, the 250 volt carbon filament lamp was well 
established, and the supply authorities, by giving new lamps to their 
customers, were enabled to change over to the higher pressure. In 
this way 100 volt systems changed to 200 volts, 110 to 220, 115 to 
230, and so on, the total pressure of the three-wire systems being 
correspondingly increased to 400, 440 and 460 volts. 

About the year 1898 electric traction came into being, tramway 
authorities adopting the direct-current system at a pressure of 500 
volts, so that the existing dynamos at their generating stations might 
be used for supplying either lighting or tramways as required. This 
proved very satisfactory for some years, but again the growing demands 
for power made changes necessary. For this reason, a combination 
of alternating current and direct current was adopted first at 
Manchester. 

The direct current supply to consumers remains unchanged, but 
instead of direct current being generated at the main generating 
station, it is supplied from a number of sub-stations dotted about the 
city and suburbs as required. Three-phase alternating current at a 
pressure of 6,000 volts is generated at the main power station, and this 
high pressure electricity is taken by means of highly insulated cables 
to the various sub-stations. These sub-stations are not underground 
chambers as those mentioned previously, but quite considerable 
buildings, containing in some cases several thousand horse-power. 

The alternating current is used to drive three-phase electric motors 
coupled to generators, which supply direct current for lighting, power 
or tramways. The three-phase motor takes the place of the steam 
engine, and as comparatively high speeds are permissible, these plants 
are very small for their output, and require little floor space com- 
pared with steam-driven generators. Another method is to transform 
the three-phase current to low pressure by means of a static trans- 
former, and then to direct current by means of a rotary transformer. 
Both methods have their advantages. 

In the case of large power users such as cotton mills, engineering 
works, &c., where several hundred horse-power are required, it is 
customary to provide a sub-station on the consumer’s premises. In 
this case the 6,000 volt alternating current supply is usually trans- 
formed to 400 volts alternating by means of a stationary transformer, 
for use with three-phase motors, or if direct current be required a motor 
generator or rotary transformer is used to generate direct current. 
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This combination of direct and alternating current has proved 
very flexible, and in every way satisfactory. It has also been adopted 
by the railway companies for electric train service. 

As as example of the flexibility of this system, there is the huge 
network of the Newcastle-upon-Tyne Electric Supply Co., the County 
of Durham Co., and the Waste Heat and Power Co., all inter- 
connected, by whom power is supplied as far North as Blyth in 
Northumberland, and as far South as Middlesbrough, covering an 
area of 1,400 square miles. 


These companies supply the North Eastern Railway Company’s | 


loop line from Newcastle to Tynemouth, and also power to most of 
the shipyards and engineering works on the Tyne. The Corporations 
of North Shields, Tynemouth, Durham and Middlesbrough, and many 
smaller local authorities, buy their electricity in bulk in preference to 
spending further capital on their own generating plants, and coal 
mines, steel works, chemical works and coke ovens deal with this 
company, not only as buyers of power, but also as sellers of waste 
heat to be described later in this paper. 

The total power supplied by this combination is in the nature of 
200,000 H.P. Extra high tension current is generated at 6,000 volts 
at Carville and Neptune Bank Stations on the Tyne, at 10,000 volts 
at Dunston Station, and at 20,000 volts at some of the waste power 
stations in Durham. These are all interconnected by means of static 
transformers forming a complete high-tension feeder system, which 
supplies sub-stations for the generation and distribution of low-tension 
current at various points. | 

The tendency now is for direct current stations in towns of any size 
to adopt three-phase generation at from 6,000 to 10,000 volts, as the 
load increases. This has already been done in many towns, where 
motor generators or rotary transformers are used to convert to direct 
current, it being out of the question to scrap the existing low-tension 
mains and adopt three-phase low-tension distribution. 

There is, however, no reason why the outskirts of these towns 
should not be supplied with alternating current for both power and 
lighting on this system.  Four-core low tension cables might be used 
consisting of the three-phases and one neutral, with a lighting pressure 
of, say, 230 volts between each phase and the neutral, and a power 
pressure of 400 volts between phases for motors, care being taken to 
connect the lighting customers equally to each phase. 

Professor Klingenberg, of Berlin, in his recent paper before the 
Institution of Electrical Engineers, suggests power stations at the coal 
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fields, generating three-phase current at 100,000 volts with overhead 
transmission to adjacent towns. Although this is possible in a dry 
atmosphere it would hardly be workable in the moist English climate, 
and for underground cables, the saving in copper effected by using 
this very high pressure would probably be more than equalled by the 
extra cost of insulation. 


GENERATING PLANTS. 


The first power stations were equipped in most cases with 
Lancashire boilers and horizontal Corliss type engines, driving high- 
speed generators by means of ropes or belts. These plants occupied 
a large floor space for the power they produced, and for this reason 
soon gave place to water tube boilers and high-speed engines 
coupled direct to dynamos. As larger outputs were required, marine 
type engines were used, to be shortly superseded by the steam 
turbine. 

An illustration of this may be seen at Manchester, where the 
Corporation have, amongst other plant, a marine engine and dynamo 
developing 10,000 H.P. Beside this monster are three turbine plants, 
which together require less than half the ground space of the 
reciprocating engine, and individually are of larger output. 

For plants of over 1,000 H.P., the high speed turbine can claim 
an advantage in steam economy as well as in space occupied and 
simplicity in working over the reciprocating engine. Other advantages 
are the absence of lubricant in the steam, and the possibilities of 
using a very high degree of superheat. 

Turbine generators of approximately 20,000 H.P. in single units 
are in use in English power stations, but the largest yet installed has 
lately been built for the Chicago Edison Co., by Messrs. Parsons 
and Co. of Newcastle, and is to generate 25,000 K.W., that is to say, 
nearly 35,000 H.P. This plant's greatest economy is at an output of 
20,000 K.W., at which load a steam consumption of 11:25 lbs. per 
K.W. hour is guaranteed (ie. about 8:5 lbs. per horse-power per 
hour) The makers of the Ljungstrom turbine claim to have reached 
this figure (8:5 lbs. per H.P. hour) with a plant generating only 
500 K.W. 

The Diesel oil engine has been introduced into power stations, 
and showed considerable economy.  Latterly the price of oil has 
increased so much that the economy in working seems hardly 
sufficient to justify the high capital cost of the plant, except for quite 
small outputs. 
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A very interesting gas-driven plant has recently been installed by 
the Corporation of Accrington, ordinary bituminous coal being used in 
conjunction with an ammonia recovery plant of the Mond type. The 
fuel economy of this plant is said to be 14 lbs. per K.W. hour, or 
rather more than 1 lb. of coal per horse-power per hour, in 
addition to which a considerable income is derived from the sale of 
tar, ammonium sulphate, &c. The plant consists of two vertical gas 
engines, each developing 1,000 H.P. coupled to three-phase alterna- 
tors which generate about 120,000 units per week. 

Many corporations having large quantities of town refuse to 
destroy combine their electricity and destructor works with economy. 
In a modern refuse destructor, the heat generated in the furnaces can 
be utilized in water tube boilers so efficiently that from 1 lb. to 1:5 lbs. 
of superheated steam are available per lb. of refuse destroyed. 
North of England refuse will usually produce the latter figure. 
Nearly one ton of refuse is collected for every 1,000 inhabitants, and 
as this must be disposed of by cremation in towns of over 20,000 
inhabitants, it is clear that these plants should be designed not only 
to destroy refuse, but also to produce the greatest possible flue 
temperature. 

Most interesting are the plants of the Waste Heat Co., situated 
chiefly in the County of Durham. At Blaydon, Bankfoot, Weardale 
and Bowden Close stations, 25,630 H.P. is obtained by boilers fired 
by the waste heat from coke ovens, and also by burning the.spare gas 
not required for heating the coke ovens. At Newport, Port Clarence, 
Redcar and Ayresome, 16,930 H.P. is developed by means of exhaust 
steam turbines, using the exhaust steam from blowing engines, which 
is first superheated by independent superheaters fired by waste blast 
furnace gas, imparting about 150 degrees of superheat to the exhaust 
steam. Another plant at the Horden and Shotton collieries develops 
2,700 H.P. by using exhaust steam from winding engines, fan 
engines, compressors and pumps by means of exhaust steam turbines. 
At the Tees Bridge Iron Co’s. works, a further 1,500 H.P. is 
produced by using exhaust steam from a number of comparatively 
small non-condensing blast furnace engines, making a total of 
46,760 H.P. from waste heat in one form or another, which, as 
electricity, is distributed along the North-East Coast as described 
earlier in this paper. 

The Newcastle Electric Supply Co., together with its associated 
Waste Heat Co.’s., has installed in its various power stations a total 
of 164,000 H.P. : 
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Returning to municipal undertakings, Manchester has 58,000 H.P. 
of plant, Glasgow, 44,000 H.P., Liverpool, 37,000 H.P., and 
Birmingham, 35,000 H.P. 


Costs AND Loap FACTORS. 


The development of electricity in large towns depends to a great 
extent upon the price charged, and again the price charged depends 
not only upon the cost of the plant at the generating station and the 
cost of the distributing network of cables, sub-stations, transformers, 
&c., upon which interest and sinking fund charges have to be paid, 
but also upon what is known as the “load factor" of the plant and 
mains. 

In the power station the cost per Kilowatt of plant falls rapidly as 
the output of each unit of plant increases. In small stations with a 
number of small generating plants, the capital cost is often from £40 to 
£50 per K.W. installed, but in more recent undertakings where each 
unit consists of 1,000 K.W. or over, this is reduced to something in 
the nature of £15 per K.W., and with turbo-generators of 15,000 or 
20,000 K.W. this figure could no doubt be reduced to £8 to £10 
per K.W. 

The same reduction cannot be claimed for the distributing 
network. By using higher initial pressures, such as 6,000 or 10,000 
volts, a saving in copper has been effected in feeder cables, but this 
is to a great extent counter-balanced by the cost of sub-station 
equipment, in order to transform to direct current for tramways and 
lighting. A complete three-phase system of feeders, static transformers 
and low tension distribution, would no doubt be less costly in the first 
instance, and also in maintenance, but for reasons already mentioned 
it is out of the question in the larger towns where direct current 
networks already exist. 

The rate of charge for electricity should be such that the average 
price obtained yields sufficient profit after paying all working expenses 
to meet interest and sinking fund charges upon its capital, and also 
to provide for a reserve and renewal fund. Most of the corporation 
undertakings obtained their earlier loans at such low rates of interest, 
that 7 per cent. more than covers both interest and sinking fund, to 
which should be added 1 per cent. for reserve and renewal. On this 
basis a corporation, after making a profit of 8 per cent. on its capital, 
is in a position either to contribute to the local rates or to reduce the 
price charged. 
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The costs of working depend upon the following items, viz., fuel, 
wages, stores, repairs, rents and taxes, insurance, management, 
collecting and office expenses. The first four items may be considered 
as the direct cost of generation, and are sometimes known as “ works 
costs.” 

As the output increases the works costs should be reduced per 
Kilowatt-hour generated, and this has been very effectively accom- 
plished by substituting large generating units for several smaller ones. 
For instance, a power station employing six generators of 500 K.W. 
each, might duplicate its plant by installing one of 3,000 K.W., 
thereby reducing the steam consumption and radiation losses by 25 
or 30 per cent. and making a corresponding reduction in fuel, oil, 
stores and attendance. 

The costs of distribution probably do not fall much with the 
growth of output, and transmission losses of from 10 to 15 per cent. 
in the mixed system cannot be easily reduced without undue expendi- 
ture on copper, the interest and sinking fund charges on which would 
amount to more than the value of the watts lost in transmission. 

Perhaps the most potent factor in reducing the costs of generation 
is by increasing what is commonly termed the “load factor" ofa 
plant. Theoretically, the **load factor” is the ratio of the Kilowatt- 
hours actually generated by a given plant to the Kilowatt-hours it 
would have generated had it been working at full output for 24 hours 
each day over a given period, say, one year. 

In practice a reasonable proportion of spare plant must be provided 
which cannot fairly be taken into consideration, so that it has become 
the custom to take the maximum demand upon the station during 
12 months, and to multiply this figure by 8,760 hours. 

The proportion that the total Kilowatt-hours sold bears to this 
figure is understood as the **load factor" of the undertaking. 

Kilowatt-hours sold x 100 
Max. load on feeders x 8,760 hours. 

In examining the costs of various undertakings it is very noticeable 
how those with the highest load factor have the lowest costs, and 
vice versa. It is therefore the outstanding object of the managements 
to obtain business which will keep the plant working for the greatest 
number of hours, with as little increase as possible to the maximum 
load. | 

The first class of business which came to power stations was almost 
entirely lighting. This demanded a very considerable expenditure on 
plant and mains to meet the requirements of its customers during the 
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winter months for a few hours each evening. For the remainder of 
the year the plant was practically idle, the resulting “load factor" 
being anything from 10 to 15 per cent. In these undertakings the 
capital charges and working costs were naturally heavy, and the price 
charged to lighting customers in proportion. - 

When electric traction was introduced, engineers welcomed it as 
a day load for their plants, the load factor of this class of business 
being about 35 per cent. As, however, the traction load and the 
lighting load overlapped during the winter, additional capital expendi- 
ture was needed, but nevertheless, the combined outputs raised the 
“load factor" to 20 to 24 per cent, and very much reduced the 
working costs. ` 

The most valuable class of business was yet to come, viz., the 
supply of power to workshops, spinning mills, weaving sheds, refrigera- 
ting plants, and, in fact, any and every class of manufacture where 
motive power is required. During the last few years this power load 
has increased so quickly as to swamp entirely the lighting and traction 
demands on many stations, especially in the North of England. 
There are happily now a number of stations where the greatest demand 
is from 6 a.m. to 6 p.m. all the year round. 

The power business itself has a load factor of nearly 50 per cent., 
but with a combined power, traction and lighting business, the best 
resultant load factor is 30 per cent. 

Appended are instances of power station load factors which show 
that the undertaking with the largest outputs do not necessarily have 
the lowest costs. 


| lod | aut Cost, Ponce 
Stalybridge 1913 ... | 99:82 18,811,138 37 
Prescot Co. 1919 ... 29°89 5,749,322 37 
Leeds 1913 .. | 2464 23,130,512 42 
York 1913 .. | 92943 6,007,812 4T 
Wolverhampton 1913 ... | 95/78 12,293,917 51 
Hawick Co. — 1911 .. | 9746 2,027,625 55 
St. Helens 1913... | — 9615 4,896,438 55 


Manchester 1913 ... 26:47 104,346,895 ‘58 
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In considering these figures it must be remembered that fuel and 
labour costs vary in these districts, and transmission losses are also 
included. 

There is yet another field which is only now beginning to be 
explored, and that is the domestic or household use of electricity. 
Looking into the future and seeing an average business man's house, it 
will be lighted by electricity, warmed by electricity, the meals cooked 
by electricity, plates and dishes washed by an electrically operated 
machine, in fact, almost every service of the household can be and 
will be performed by electricity. 

In London a considerable amount of electric cooking is done 
every day, and by experience gained, manufacturers are improving 
their apparatus, so that it has become more economical in use and 
less costly to buy. The load factor of this class of business will 
probably be in the nature of 60 per cent., and it will come to those 
undertakings which are now dealing chiefly with a lighting business 
and a load factor of 15 per cent. in residential districts. 

Signs are not wanting that this domestic demand is growing, not 
only in London but also in the provinces. 

The author wishes to remind those who are disbelievers, and those 
who think this statement the foolish imagining of an enthusiast, that 
not many years ago the mill owners in Lancashire and Yorkshire 
would not for a moment consider electricity as the motive force for 
their mills and said so in no unmistakable language, but that has all 
been changed now. 
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DISCUSSION. 


The PRESIDENT moved a vote of thanks to the author. The President 

Mr. H. Dickinson wished to compliment the author upon the Mr. Dickinson 
way in which he had treated the subject, which was a very large one, 
and on which a great amount of useful information had been given in 
a very concise manner. There was very little that could be criticised 
in the paper, as he agreed practically with the whole of it, but possibly 
he might enlarge a little on some of the points that had been 
introduced. 

With regard to the development of electricity undertakings, it was 
stated on page 116 that 166 millions of money were invested in supply 
companies and manufacturing companies, apart from telephone and 
telegraph undertakings. That showed a very marked progress in 
25 years, but at the same time it showed nothing like the progress 
that would take place during the next 25 years. There was an 
immense future before electrical development. The motive power 
had been taken up by manufacturers to an enormous extent. 

On page 117 the author had referred to the question of borrowing 
money by municipalities, and appeared to take the view that if the 
municipality paid interest and sinking fund charges they had done all 
that they ought to do. Mr. Dickinson, however, would go a step 
further and say that they ought to provide considerably in addition to 
interest and sinking fund. 

'The Local Government Board formerly sanctioned much longer 
periods for the repayment of loans than they did at the present time, 
and in the earlier days plant was much more expensive. The great 
development that had taken place had resulted in an enormous 
amount of scrapping, and the size of unit necessary was now very 
much larger than when those undertakings began. The Local 
Government Board were becoming much more severe in regard to 
the periods allowed for loans, and he had heard some of the Board's 
inspectors express the view that municipalities should do everything 
out of revenue and not borrow at all. That was going too far ahead, 
but at the present time the Board refused borrowing powers for some 
items which they formerly sanctioned, and were even requiring services 
and meters to be paid for out of revenue. The Board had appreciated 
the fact that many electrical undertakings did not provide for more 
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than interest and sinking fund charges, and in order to compel them 
to make that provision which they thought necessary, they now 
required that a lot of things should be paid direct out of revenue 
without giving the opportunity of borrowing for them, and the 
probability was that the Board would become more severe still as 
time went on. Formerly a 30 years period was allowed for the 
repayment ; that had now been reduced to 15 years and even shorter 
periods. 

He was glad to be able to say that in Liverpool a very sound 
policy had been adopted, the reserve and renewal fund amounting to 
something like £300,000 ; in fact, the Liverpool undertaking was one 
of the soundest, if not the soundest, in the country, and the finances 
had been most efficiently looked after. The replacement of old plant 
had been done out of revenue, and still there was a large fund to 
replace plant that would, no doubt, in course of time, have to be 
scrapped. In these remarks he was referring to generating plant. 
The same argument did not apply to the mains, because mains did 
not become obsolete in the same degree as did plant. If a small 
cable were laid, another could be laid alongside it, and the smaller 
one could still be used. That was not the case in regard to generating 
plant, as it was very costly to run a number of small units. Further, 
as an undertaking became larger, big generating units were necessary 
in order to pick up the load quickly enough in the event of a 
thunderstorm. 

He did not altogether agree with the statement made on page 119 
to the effect that the two-phase system was not used very much in 
this country ; on the contrary, that system was used to a considerable 
extent, though not nearly so extensively as the direct current or even 
the three-phase systems were used. Roughly speaking, there must 
be 130 million units per year produced on the two-phase system in 
municipal supplies. 

With reference to the statement on page 120 that Newcastle-on- 
Tyne was the first station to use the alternating current system, Mr. 
Dickinson thought that, as a matter of fact, the Brighton undertaking 
was the first. They did not obtain a Provisional Order, but they 
started with overhead wires and used the alternating current system. 

He quite agreed with the author in regard to the use of consumer's 
sub-stations. It was an extremely difficult matter to deal with a large 
power user at a considerable distance from the sub-station with direct 
current. If running at 460 volts, the size of cable to supply, say, 
600 H.P., half-a-mile from the sub-station was 14 inches, which 
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represented a large amount of copper, and it was becoming usual to 
supply large power users direct from the high tension and putting in 
static transformers in a sub-station on the consumer’s premises. The 
static transformer was very much cheaper to run and to equip, because 
such a plant of 100 K.W. capacity would cost only about 16s. per 
K.W., whereas a motor generator would cost approximately £3 per 
K.W., and the size of the buildings would be somewhere in the ratio 
of l to 4. Again, the static transformer required no attention beyond 
that of somebody to dust it over once a week and look at the fuses, 
whereas the motor generator required constant attention. 

On page 122 the author had given the total power of the Newcastle- 
on-Tyne supply as 200,000 H.P., but Mr. Dickinson thought that 
another 50,000 H.P. should be added to that figure. 

He would be glad if the author would give his opinion of the gas 
engine problem. He had mentioned the fact that at Accrington a 
gas-driven plant had been installed, but Mr. Dickinson understood 
that that had been done under special circumstances. Personally, 
his opinion was that gas engines would be of no use at all Taking 
the figures given on page 123, of the power to be generated at Chicago, 
viz., 25,000 K.W., those sizes were necessary to run that particular 
undertaking efficiently, but in the case of a 25,000 K.W. gas engine 
generator, the area occupied would be enormous. The cranks and 
shafts would run into many tons and would be extremely difficult to 
handle. Looking at the developments that had taken place it would 
be seen that speed had been the main consideration. The first 
generators were driven by horizontal engines with belts and ropes. 
As soon as the high-speed engine was introduced, the dynamo was 
coupled direct to the engine. Then when the turbine came in, with 
its speed of 10 times as much, it was generally adopted. What had 
been gained by its adoption? Not much in the way of steam 
economy, but there had been an enormous gain in capital cost, and 
the machine was certainly as reliable as the reciprocating engine, if 
not more so. As the capital costs in a supply undertaking were of 
immense consequence, it would be seen what he meant when he said 
that he did not think the gas engine was likely to be of any use in 
connection with the Liverpool undertaking, because the excessive 
capital cost and the inconvenience of working would kill any saving 
there might be in the fuel bill. In most undertakings the interest 
and sinking fund costs were as much as all the other charges put 
together, and that was the item which ought to be watched closely. 
An immense saving had been possible by the adoption of the turbine. 
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Some of the old stations used to pay £15 per K.W., whereas to-day 
the average was about £3 per K.W., so that even if nothing was saved 
on coal the saving in capital charges was considerable. 

Mr. ALARIC Hope asked what power Mr. Dickinson referred 
to. | 

Mr. DICKINSON replied that he alluded to powers of 5,000 K.W., 
or even less. 

With regard to the author’s remarks on the question of load factor, 
there was no doubt that load factor had a very considerable effect on 
the cost of supply. Of course another matter that had a very 
important bearing on the cost of supply was the design of the station. 
In addition to installing large generating plant, the tendency at the 
present time was for the introduction of large boilers. One of the 
great causes of loss in small stations was the multitude of small boilers 
which were always under steam to provide for a sudden rush of load. 
He thought that the figure of 50 per cent., which the author had given 
on page 127 as the load factor on power business, was too high, unless 
a 24 hours supply was intended. 

With reference to the question of electrical cooking, that business 
was growing slowly but surely, and in the next few years very great 
developments would probably be made. It was not yet known how 
that would affect the question of load factor. The author’s estimate 
was about 60 per cent., and if that figure was the correct one, it would 
have a very great effect on the cost. The more the load factor was 
increased, the lower would be the cost of production. 

Professor E. W. MARCHANT said that he had been very much 
interested in the paper because it had drawn attention to the great 
possibilities there were in the development of the use of electricity. 
He had always held that one of the great advantages which electricity 
possessed was that it would reduce the smokiness and dirt of towns 
and make them much pleasanter. That was a side of the question to 
which the author had not referred, and perhaps it was better that one 
who was more academic in his point of view should mention it. 

Mr. Dickinson had referred to the great possibilities of development 
in the amount of electricity which would be used in the future, and in 
that connection some figures which were given by Mr. Snell, recently, 
in the course of a discussion in London, were interesting. The figures 
gave the number of units of electricity consumed per year per person 
of the population, excluding traction loads, in some of the more 
important cities of the United States and Great Britain, and were as 
follows :— 
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Consumption per Person 


City per Year 
New York p "m fen — 119 
Boston ... an “i ane sii 110 
Chicago se ae xe er 105 
London e no: don San 70 
Manchester ... TE oe E 13 
Glasgow bos io um e 48 


He had not the corresponding figures for Liverpool. 


The figures given excluded railways and probably tramways as well. 
The figures were very interesting because they showed that the English 
cities were not so far behind as some people made them out to be. 
The difference between New York with its 120, and Manchester with 
its 73, showed, of course, that there was a good deal of leeway to be 
made up, but this country was improving, and undoubtedly the 
progress would be more rapid as the cost of electricity was reduced. 
The question had been raised as to the production of energy by 
companies and corporations. That was a very vexed question, and he 
would not say more than that in the case of a large area such as 
Liverpool, all electric supply should be under the control of a single 
authority. The Corporation was a very good body to deal with the 
production of electricity in that area, but in the case of a number of 
scattered towns, a company seemed the right body to undertake the 
work, as the company could centralise the production of electrical 
power and so produce it more economically than it could be done in 
a number of small stations. In that connection it might be well to 
draw attention to the great advantages that the railway companies, 
who were now electrifying their systems, would obtain if they took 
their power supply from the big stations rather than from stations of 
their own building. By that method great economy might be effected 
in capital expenditure. Further, with regard to the Corporation 
supply— and here he spoke as a consumer—he objected very much to 
large contributions from the profits of the electrical undertaking in 
relief of the rates. He failed to see why the electricity consumer 
should pay part of the rates of other people, instead of obtaining the 
benefit of the profit himself. He could not express any definite 
opinion on the amount to be allocated to the reserve and renewal 
fund, but it seemed to him that the bigger that fund was, within 
reasonable limits, the better. He hoped that in the future, less 
would be paid in relief of the rates, and more would be done in the 
direction of reducing the cost of electrical energy. 
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Reference had been made to the frequency of supply which might 
be used for various purposes. The frequency which was the standard 
in this country was about 50, but as a matter of fact, with incandescent 
lamps it was possible to work with a much lower frequency without 
getting serious flickering, and he had used as low a frequency as 25 
without noticing any objectionable effects. The whole question of 
frequency was very interesting. In America a very high frequency 
was formerly used, the main object being to cut down the cost of the 


transformers; it was then reduced to 60, which was now generally 


Mr. Clothier 


used, although from the point of view of transmission it was a very bad 
one. At one time lower frequency appeared to be very much the 
better thing to use. Since turbo-alternators had progressed, however, 
conditions had changed, as it was difficult to build an economical 
turbo-generator of small power which would run at 1,500 revs. per 
minute. He had been very much interested in the figures given on 
page 127, relating to the cost of production. They were very striking 
and showed, among other things, the great importance of load factor. 
In a paper which he had read some time ago he had put it in this 
way : that if it were possible to induce people to use power when 
other people did not wish to use it, it would mean a saving equal to 
the cost of the whole of the coal. 

Mr. T. DAwsoN CLOTHIER, referring to the author's remarks on 
page 116, relative to the companies having started the electrical under- 
takings and corporations having taken them over, said that it was no 
doubt a great advantage for the electrical industry at that time that 
the corporations should take over the supply, because they were 
possessed of an amount of capital which the companies did not 
possess, but it was still a very controversial matter whether those 
public bodies were ideal trading concerns. It was quite certain that 
municipal boundaries were often not suitable boundaries for the 
distribution of electricity. If they happened to be, well and good, but 
there was no relation between the two at all. The only advantage 
was that the corporations had command of capital that otherwise did 
not seem to be available. | 

Reference had been made to the important matter of depreciation 
and reserves, and the necessity for them. The Local Government 
Board were not only reducing the loan period, but they were setting a 
loan period proportional to the life of the different classes of 
apparatus, and even in the case of mains various lives were taken, 
according to the class of main. There was a different life for genera- 
tors and for turbines, &c., and certainly they were arriving at a life 
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somewhat in keeping with that which each class of plant did actually 
have. For accumulators, a life of 7 years only was allowed. Many 
an electric supply authority, in putting down a large accumulator 
would enter into a 10 years maintenance contract, paying an annual 
sum from revenue during the 10 years, and the contract would provide 
that the battery should be handed over in its original condition at the 
end of the 10 years. It seemed curious to require that capital to be 
written off in 7 years, but there was no doubt that the general tendency 
to reduce the life was beneficial. 

On page 121 reference was made to the use of alternating current. 
It was sincerely to be hoped that in the Liverpool district the use of 
three-phase alternating current for industrial purposes would become 
more common than at present. It wasa costly matter to distribute 
electricity in large quantities at a low pressure ; it had to be paid for, 
and the corporation had to recover the expense in some way or other, 
and undoubtedly, if people using large quantities would take 
alternating current it would be better for the consumer and everybody 
else. It was somewhat curious that in this district the three-phase 
supply had not been used more generally because there was an 
installation on the Dock Estate—that of a grain storage company, 
which was put down nearly 20 years ago and which was, he believed, 
the first three-phase current used for industrial purposes in the country. 
That installation was still in use and had given very good service, it 
being, until quite recently, the only three-phase supply in the 
Liverpool district. "With reference to the question of the use of gas 
engines versus steam turbines, it was quite true that at the present 
time and for present requirements, steam turbines were unassailable 
for large supply purposes, but it was to be hoped that matters would 
not always remain so. The efficiency of the best boiler plant 
available was exceedingly low. Burning coal in a grate was a poor 
way of obtaining the energy out of it even under the best conditions, 
and it was desirable that some developments should be made that 
would obviate that method, and if that were done it would probably 
do away with steam turbines also. 

There were at the present time people working on gas turbines, 
and there was every reason to suppose that in the course of five, ten, or 
fifteen years, the gas turbine would be developed into the commercial 
stage, and then the end of the steam turbine period would be reached. 
In the case quoted at Accrington, where good use was made of 
1,000 K.W. sets, it was probably commercially sound. They supplied 
cotton mills and produced power very cheaply. They had to supply 
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the power at a low rate, and so they put down two or three 1,000 K.W. 
sets, and that ran on the steady portion of the load. The gas engines 
ran for 24 hours a day taking up the dead loads, and steam was kept 
for the turbine plant for peak loads, and asa standby. In that way, 
they would probably succeed in producing ata very low cost, and 
the capital charges would not be exorbitant. Gas plant, which had 
been tried previously in various generating stations, had not been a 
success ; whether Accrington would prove the exception remained to 
be seen. 

On the same page, the author had referred to the electric load 
factor of generating costs. It was not clear to Mr. Clothier from the 
table that the load factor was such an important controlling feature. 
It was true that the two first figures had the highest load factor, but 
the difference between 29°89 and the 26°15 was not very much in 
practice. The load factor was not a standard thing; it depended 
upon what was considered the traction load, and in some places load 
factor on tractions was given very differently from what it was 
given in another and similar town. The controlling feature, as 
Mr. Dickinson had pointed out, was the capital cost. 

There was one point which the author had not mentioned, and 
that was road traction. Road traction had not received any attention 
in this country, but on the Continent and in America it had been 
developed very largely, and it had been recently stated in the press 
that in Berlin, taxi-cabs were no longer licensed unless electrically 
driven. In Copenhagen and many other places, great numbers of 
electric vehicles were used by the Postal Authorities and other people, 
and they possessed such advantages over the petrol vehicle that in 
future they were very likely to displace the existing type of vehicle in 
this country for urban use. The annual output for charging road 
vehicles in a Continental town was recently stated in the press to be 
250,000 units. In Liverpool it could be safely put at a million units 
if electric vehicles where adopted. 

Mr. ALARIC Hops, referring to the table of costs given on 
page 127 of the paper, asked what the figures included—whether they 
were the prices at which the units were sold, or what they were. In 
connection with the question of electrical cooking, it would be 
interesting if the author could give figures as to the relative cost, from 
the point of view of the user, of electrical heating as compared with 
gas heating and coal heating, by the most up-to-date methods in each 
case. 

Mr. E. J. NEACHELL remarked that no mention had been made 
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in the paper of the direct current high tension generation which had 
been in operation for some years, nor, in speaking of the three-wire 
distribution, had any reference been made to the three-wire system 
for traction which was being used successfully on the City and South 
London Railway. 

Mr. G. CARRUTHERS THOMSON observed that at the present 
time the rates that were charged for electrical energy in many places 
were far too high to induce people to introduce it into their houses, 
and in many cases the service was not satisfactory. He agreed with 
Professor Marchant’s suggestion that railway companies should take 
advantage of supplies from municipal stations where the latter were 
near at hand, because a better load factor would result, and it would 


enable the stations to reduce the price to the consumers and so induce 


more people to become consumers. That would throw out some of 
the coal and gas fires and help to reduce the smoke nuisance. 

With reference to the cost of electrical heating, some figures had 
been published in the ‘ Electrical Review” within the last year, 
relative to the comparative costs of domestic heating and cooking by 
electricity, the ordinary coal method and gas, from which there would 


appear to be a decided chance of the electrical cookers proving 


successful. 

Professor MARCHANT said that when he had spoken of the table 
on page 127, he had not intended to imply that the ** load factor " was 
the oz/y factor. He had intended to say that the table showed that 
that was one of the important factors. 

Mr. E. C. Given thought it would be interesting if the author 
could add to the table given on page 127, the corresponding figures 
for Liverpool. 

Reference had been made to the plant at Wallsend. Personally, 
he did not know very much about that plant, but in the transition 
stage both reciprocating plant and turbines were used. ‘The turbines 
were run at dead load, and the reciprocating for the peak, as the 
turbines were not found to be so efficient at light loads as the recipro- 
cating plant was. Perhaps the author could say whether the same 
state of things continued to-day. 

At a large generating station not far from Liverpool, where 
reciprocating generators were formerly used, exhaust turbines had 
recently been installed, and the Engineer had stated that out of 10 
Lancashire boilers, the result of installing the exhaust turbines was that 
they now had two spare boilers, so that there was a marked increase 
in the efficiency. With reference to Professor Marchant’s remarks 
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relative to electrical units used per head of population in various cities, 
he would like to ask whether public lighting was included. His 
impression was that in American cities all public lighting was by 


electricity, whereas in this country gas was largely used for street . 


lighting, which would make a difference in the number of electrical 
units consumed per head of population. 

Professor MARCHANT replied that he was unable to answer the 
question, but agreed that that might be the explanation of the 
difference. * 

Mr. W. J. WILLETT BRUCE, referring to Professor Marchant’s and 
Mr. Dickinson’s remarks in regard to the future ideal city, said that 
it was very agreeable to hear it spoken of in such glowing terms, but 
he feared that the realisation was considerably further off than most 
people anticipated. It would no doubt be admitted that it resolved 
itself into a question purely and simply of supply and demand. 

Referring to the adoption of electric current for domestic purposes, 
as mentioned by the author on page 128, the cost, to his mind, 
rendered it prohibitive for the average business man, and until the 
supplier could materially reduce the price of the supply current it 
could hardly be adopted for general service purposes as described, 
and most certainly not until the electrical manufacturer could produce 
an apparatus economical in its consumption of current. The various 
appliances for both cooking and heating now on the market were 
nothing more than wholesale current consumers. He had recently 
been asked by one of his fellow superintendents responsible for the 
catering department, about installing electric cooking apparatus in 
certain steamers, and on going into the matter it had been found that 
as much as 37 amps. would be required in each case, a demand 
which the existing generating machines could not meet, so that until 
a cheaper supply of current and economical apparatus could be 
obtained, he thought that electrical cooking was out of the question. 
He had also noted with interest the author's remarks on page 125, 
relative to the different questions of distribution. So far as the 
supply of current for power purposes on shipboard was concerned, it 
was interesting to note that the Allan Line had made an important 
departure, being the very first to move in the right direction of dealing 
with the increased electrical loads by the adoption of the land practice 
of both turbo-generators and increased voltage. In their new 
steamers ‘“ Alsatian” and ‘Calgarian” the three-phase system had 


* Professor Marchant has since stated in writing that the figures for 
American cities include the energy used for street lighting. 
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been adopted, the current being supplied by turbo-generators with 
a voltage of 225, which was also the case in the Cunard Line’s 
** Aquitania," and this arrangement would afford the maximum power 
in the smallest space possible, with a most marked economy in first 
cost of distribution cables. As yet the shipowner and shipbuilder 
had not been converted to the adoption of higher voltages for both 
lighting and power purposes. The fact remained that it had been 
calculated by comparison made between 110 and 225 volts, that in 
the case of one large steamer, by adopting the higher voltage system 
for all purposes, an estimated saving of between £2,000 and £3,000 
in the main feeder circuits would be effected. With such facts it was 
essential that careful consideration should be given to so important a 
subject, as success could only be achieved by the co-operation of the 
shipowners, shipbuilders and electrical manufacturers. 

Mr. JAMES WYLLIE pointed out that the author had not referred to 
a recent development that should be attractive to all engineers, viz. :— 
the amalgamation of the electrical interest with that of those who 
utilised heat in their processes, and of others who required low pressure 
steam for their factories, such as salt, sugar, or soap works. Liverpool 
did not appear to have utilised this source of power by means of which 
capital charges could be reduced and 50 per cent. cut off the works 
cost. The obvious thing was to do on a large scale what was now 
being done in the works referred to on a small scale. For 
example, a manufacturer having a boiler plant generating steam at 
200 lbs. pressure might use it for generating electricity, while 
exhausting from his steam engines into the usual factory steam mains 
carrying 60 lbs. or less, the actual loss of heat units in the process 
being a very small percentage. He was very disappointed that this 
source of power for cheapening electrical energy had not been noted. 

There was also the application of electrical power through storage 
batteries to street traffic, as a competitor with steam or petrol wagons. 
Electric haulage would come in the near future, and it behoved the 
electrical authorities of Liverpool and Manchester to show the way 
by themselves using electrical vehicles in the different departments of 
their municipalities. 

The PRESIDENT, referring to the statement on page 115, relative to 
the pioneer electric railway in this country, thought that the Portrush 
Electric Railway held that distinction. 

He had been greatly interested in the financial side of the question. 
So far as he could gather, it would appear that the author meant, from 
his remarks on page 118, that an absolute period of 42 years was put 
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on the existence of the companies, but what actually occurred under 
the Act of 1888, was that a period of not exceeding 42 years was 
given, but that only fixed the date at which the local authority could 
come in and purchase the company’s undertaking by arbitration. 
There was the question of goodwill, and at the end of 42 years the 
company stood a good chance of getting back a portion of its capital. 

In connection with the subject of electrical cooking, he had 
looked up the Presidential Address of Mr. Bromley Holmes to the 
Society in 1899, in which the following words occurred :—“ Electrical 
* energy can grind the coffee and boil the water and cook the food for 
* breakfast and light the matutinal cigar.” Perhaps the author could 
say what practical progress had been made since that date. 

Mr. Dickinson and Mr. Clothier had complained of the great 
reduction in the period which the Local Government Board now 
sanctioned for the repayment of loans, but the electric supply under- 
takings were not alone in that respect. On the contrary, the Local 
Government Board was adopting that policy generally, and further, 
they were fixing definitely that certain work, which up to the present 
had always been looked upon as being properly provided out of 
capital account, should now come out of revenue. 

Those members of the Society who knew the great work which 
had been done in the past by Mr. Bromley Holmes, must have been 
very gratified to hear the graceful tribute which had been paid to that 
work by Mr. Bromley Holmes’ successor, Mr. Dickinson. 

The AUTHOR, in reply, said that the only point upon which 
Mr. Dickinson had disagreed appeared to be in connection with the 
provision of a Depreciation and Renewal Fund in addition to the 
compulsory Interest and Sinking Fund. Mr. Dickinson had appar- 
ently misread this paragraph, as the author had stated clearly that a 
special fund should be provided, and had cited the Liverpool Cor- 
poration's undertaking as an instance of the wisdom of such methods. 

Regarding the large gas engine plant at the Accrington Corpora- 
tion's Electricity Works, the author had written to Mr. Gray, and had 
hoped that he would have been present to join in the discussion and 
contribute valuable information. Referring to the question of 
frequency, mentioned by Professor Marchant, he believed that 50 
periods was used by the L. & Y. Railway on the Liverpool and 
Southport line. As long ago as the time of the Niagara Falls scheme, 
Professor Forbes, of London, had proposed 25 periods when 100 was 
the generally recognised periodicity, and the whole electrical world 
had been opposed to him. Results had more than proved him right. 
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With reference to Mr. Clothier’s remarks, regarding storage The Author 
batteries, the Local Government Board were, he thought, quite right 
in putting the life at seven years, the author’s experience being that 
14 per cent. depreciation should be allowed on storage batteries which 
were discharged and charged again once every day. 

A good deal had been heard about the “load factor.” In the 
figures given in the paper the costs were the total costs, not including 
capital cost. The working expenses included rates and taxes, fuel, 
labour, &c. He quite agreed that capital cost was a leading factor in 
the total cost, but in this particular case the capital cost did not affect 
the working cost. 

The cost of electric cooking would be found to compare very 
favourably with gas cooking, especially in regard to the wastage of 
meat. In the case of cooking by means of coal fire or gas, the loss 
in weight of a joint while cooking was anything from 25 per cent. to 
30 per cent, whereas with electricity this wastage could be reduced 
to 7 per cent. or 10 per cent. As an instance, a 10-lb. joint would 
lose 3 lbs. cooked by gas, and 1 lb. by electricity, showing a saving 
of 2 lbs. of meat. For example, suppose the meat cost ls. per lb. 
there was a clear saving of 2s. When looked at from this point of 
view, did it matter if the joint cost ld. to cook by gas and 14d. by 
electricity ? 

Mr. Wyllie had referred to the question of waste heat. He 
understood that the Salt Union were about to supply Widnes with 
electricity, and did actually supply some 500 K.W. for power and 
lighting in their own works, generated by engines exhausting against 
4 or 5 lbs. pressure, which was sufficient for use in vacuum salt pans 
and other processes. 
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21st January, 1914. 
FRANCIS E. COOPER, Assoc. M. Inst. C. E, President, 
in the Chair. 


* Motor Transport on Boads." 
By T. MoLvNEux, M.I. Mech. E. 


THE development of motor transport on roads has reached a stage, 
which, to the most casual observer, is of interest ; while to those who 
are giving the matter thoughtful consideration, it offers a field of 
investigation well worthy of special study. 

It has become a mere platitude with the motor transport enthusiast 
that the horse '* must go," and the real enthusiast is now proclaiming 
that the tramway and even the railway must give way before the 
allconquering motor, and further, a serious proposition has again 
been recently put forward that the canals shall be drained and made 
suitable for motor tracks. It seems, however, hardly necessary to 
state that a careful study of the whole matter with a due sense of 
the proportion of the fitness of things, will show that the railway, 
highway and waterway, will each have its proper and unassailable 
position in the final and economical solution of the inland transport 
problem. 

There is at the present time a strong opinion that the whole of 
the highways should be placed under a Central Highway Board—there 
is also in existence a Royal Commission on Railways. The present 
time seems opportune to ask that the whole of the traffic facilities 
of the country, including railways, waterways and highways, be 
considered together and eventually regulated by a National Board of 
Transport and Communications. 

It is proposed to show what part motor transport by highway may 
be expected eventually to play in the whole. 


HisroRv up To 1896. 

Transport on roads has of course existed from very early times 
by means of human and animal power ; mechanical power transport 
has only existed within the last 100 years, and only during the latter 
half of this time may it be at all seriously considered. 
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From 1861 onwards, the manufacture and use of the road loco- 
motives made considerable progress, and certain Acts (chiefly the 
Highways and Locomotives Amendments Act of 1878) were passed 
to regulate their use. This latter, called the “Red Flag” Act, set 
forth that a road locomotive shall not weigh more than 14 tons, 
and shall not haul more than three trailer wagons, each restricted 
to carry not more than four tons on each pair of wheels. The speed 
was confined to four miles per hour in the country and two miles 
per hour in towns, and the locomotive must be preceded by a man, 
walking and carrying a red flag. 

The use of these road locomotives, or as they are more commonly 
known, traction engines, was entirely confined to the haulage of 
materials ; their use for passenger transport being deemed unthinkable, 
no doubt on account of the slow speed and the use of a non-resilient 
type of wheel. 

It is, however, well worth while stating that very successful 
experiments were made in the very early times of the period under 
review with steam traction engines fitted with rubber shod wheels, 
and it was at once apparent that with the increased adhesion obtained, 
lighter weight locomotives could be used than those which were used 
with smooth iron tyres. 


MoTOoR CAR LEGISLATION. 


In the early part of the last decade of the last century, the 
internal combustion motor had, on the Continent, become very 
successful, and, because of the reduction in weight for power obtained, 
together with the use of a rubber or resilient tyre, a type of vehicle 
came into use suitable for travelling on roads at higher speeds. In 
consequence, a very decided agitation made itself felt for the amend- 
ment of the law to enable this advantage to be made use of in this 
country, culminating in the Locomotives on Highways Act of 1896. 

This Act abolished the necessity of the man with the red flag, in 
the case of self-propelled vehicles which did not exceed three tons 
unladen, and legalized the use of one trailer, not exceeding one ton 
in weight, with certain other restrictions. 


LIVERPOOL TRIALS. 


Liverpool was probably the foremost town to recognise the full 
benefits which this Act would confer, particularly with regard to the 
heavy type of vehicle, but also was not slow to notice that for some 
time after the passing of the Act very slow progress was being made. 
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As a result, the Liverpool Self-propelled Traffic Association was formed 
(now merged in the Royal Automobile Club), and was undoubtedly 
one of, if not the chief means in the path of advancement. This 
Association conducted in 1898 trials of self-propelled vehicles to 
ascertain what progress had been made in the production of a vehicle 
suitable for transporting heavy loads. These trials were very 
encouraging, and at the second set of trials, fourteen months later in 
1899, a distinct advance was apparent, and as a result the judges 
made certain recommendations which led to the introduction in the 
trials of 1901, for experimental purposes, of a class of vehicle exceed- 
ing the legal limit of three tons, but such progress had been made in the 
interval of two years, that although this class of vehicle was distinctly 
a success, there was not an overwhelming case for it against the three- 
ton limit vehicle. One of the legal three-ton vehicles carried five- 
ton loads regularly during the trials with remarkable success. Not- 
withstanding this however, the judges in their report deemed it 
advisable to recommend certain amendments to the then existing 
regulations. 


REGULATIONS. 


It was not however, until after the passing of Motor Car Act of 
1903, that these and other recommendations were officially con- 
sidered by the Local Government .Board, although the Board had 
powers under the parent Act of 1896. 

A departmental committee of the above Board was formed, and 
most influential and important information was forthcoming on the 
whole subject from all quarters. Asa result, the Heavy Motor Car 
Order of 1904 was issued, and though the Local Government Board 
did not see fit to go as far as the weight of evidence seemed to 
indicate, there was still a very substantial concession granted in the 
interests of the heavy motor vehicle, as it was then more conveniently 
described. 

It is of considerable importance and interest that the evidence 
and final regulations be here noted :— 

The heavy motor vehicle under the existing Acts, was limited to 
less than three tons in weight, and together with the trailer, to four 
tons. There was no Statutory limit to the weight that might be 
carried on the motor or the trailer. These low tare weights at that 
time influenced design unfavourably, with the result that sufficiently 
heavy loads could not be systematically dealt with to enable the 
vehicles to be worked with commercial success. 
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The bulk of the evidence tendered before the committee was 
quite conclusive in asking that the legal tare weights should be 
abolished, and that the use of heavy motor cars be regulated by 
maximum axle weights, total moving loads, certain speeds, and 
dimensions and character of wheel tyres. 

It was suggested that maximum axle weights of 10 tons, with a total 
moving weight of 16 tons for any single motor vehicle, be substituted 
for the present tare weights. The committee, however, finally recom- 
mended, and regulations were subsequently issued by the Local 
Government Board, that the maximum limit of tare weights of a 
heavy motor vehicle be raised from 3 to 5 tons, and from 4 to 
64 tons for the joint weight of motor vehicle and trailer. 

The maximum axle weights of a motor vehicle and trailer must not 
exceed 8 tons and 4 tons respectively, and the sum of the axle weights 
of the motor vehicle must not exceed 12 tons. There are in addition 
certain regulations as to the diameter, width and character of wheel 
tyres. 

A motor vehicle exceeding 3 tons unladen, or with an axle weight 
exceeding 6 tons, or if drawing a trailer, is limited to 5 miles per hour. 
If, however, a motor vehicle is fitted with resilient or rubber tyres, and 
the axle weight does not exceed 6 tons, then 12 miles per hour is the 
limited speed, and 8 miles per hour if that weight is exceeded. These 
are the chief regulations under the Heavy Motor Car Order of 1904, 
governing the use at the present time of heavy motor vehicles on 
highways, and which comply with the provisions of the Motor Car 
Acts of 1896 and 1903. 

There are several anomalies in these Acts when compared with 
those which regulate heavy road locomotives or traction engines, and 
there appears to be no good reason for delaying the consolidation of 
all the Acts relating to the use of vehicles on highways, and the 
removal of these anomalies. 

Types OF MOTORS. 

The heavy type road motor, asa result of the trials mentioned and 
the regulations issued under the Heavy Motor Car Order of 1904, has 
practically resolved itself into the following types :—Steam, internal 
combustion, electric, and a combination of the two latter, and these 
again can be subdivided into steam vehicles, in which coal or coke is 
utilised as fuel, and in the other where the boiler is oil fired, the 
latter being now mainly used for passenger omnibus purposes. In 
the internal combustion type, these are principally using petrol or 
benzol, and in a few cases paraffin, alcohol or shale oil. 
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The steam vehicles are almost wholly confined to the heaviest 
types of vehicles, and by far the greater number are fitted with steel 
tyres—the steam omnibuses for passenger purposes being rubber 
tyred. ‘The internal combustion engine and electric types of vehicle 
are, at any rate in this country, principally used with rubber tyres. 

The heavier steam vehicles are chiefly confined to short distance 
haulage, while the internal combustion engine type has developed the 
longer distances. 

FUEL. 


With regard to the internal combustion engine, there is at present 
a very serious outlook, so far as regards the question of the supply 
of fuel. Petrol is chiefly used, but the demand is so great that 
prices continue to rise. Benzol is being tried with fairly satisfactory 
. results, but it is clear that the supply will not overtake the demand. 

The use of alcohol as a motor fuel is again drawing attention, and 
it is hoped that the newly formed Imperial Motor Transport Council, 
which has taken up this particular matter specially, will be able to 
formulate definite proposals at an early date. Unfortunately, however, 
the present type of petrol engine is not very suitable for alcohol, and 
experiments are urgently needed, both as to the type of motor required 
and as to how alcohol is to be treated or denatured, so that it 
may be used extensively for engine purposes and yet meet with the 
requirements of the Excise Authorities. 

In a paper only recently read before the Institution of Automobile 
Engineers, by Dr. Ormandy, giving information as to some very 
valuable experiments conducted by him, it was shown that certain 
mixtures of benzol and alcohol in approximately equal proportions 
give very promising results. 

The French Government are also instituting very exhaustive trials 
with the idea of utilising paraffin extensively. 

While on this subject, it has transpired that the late Dr. Diesel, 
the inventor of the famous engine which bears his name, was actually 
engaged on experiments with a view to adapting the Diesel for heavy 
road motor purposes, and it would appear that the heavy motor has 
met with a bad stroke of misfortune in Dr. Diesel’s untimely death. 


ELECTRIC VEHICLES. 


The electric vehicles in use are of two classes—one in which 
energy is derived from an overhead wire communicating with a 
generating station, and the other type being supplied with electric 
storage batteries. 
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The former is best exemplified by what is called the rail-less car 
or trolley bus, and at present is entirely confined to passenger service. 
They are in successful service in Leeds, Bradford, Rotherham, and 
One or two other places in this country, and in many places on the 
Continent. They are without exception shod with rubber tyres, and 
the trolley boom is so pivoted that the vehicles can diverge from the 
normal course, to the extent of passing safely or overtaking other 
vehicles in the same course. It should, of course, be stated that two 
overhead wires are necessary, one for the power circuit and the other 
for the return. Such a system is comparatively cheap to instal, but 
has the obvious disadvantage that the vehicles are limited to the 
wired route, and a breakdown at the central generating station forces 
the whole service out of action; there is a further disadvantage 
from the road authority’s standpoint, that inherently, these vehicles 
are driven as far as possible in the one course, and there is 
therefore a tendency on macadam roads to form ruts in the 
surface. 

The electric storage battery vehicle would appear at last to be ` 
seriously challenging the rival systems of steam and internal com- 
bustion. The new Edison improvements to the nickel iron cell are 
trebling the life of the cells, and with the improvements in solid rubber 
tyres and more suitable electric motors for these vehicles the outlook 
is very bright. These vehicles are particularly applicable to short 
distance working in towns, where the re-charging of the cells can of 
course be done economically and with dispatch. A decided advantage 
is the simplicity of driving control. 

Their use has become very extensive in the United States, and the 
municipality of Paris has also adopted them entirely in one of its 
important branches. In this country municipal electrical supply 
authorities have taken the matter up and are fostering their use as 
much as possible. 

. The petrol-electric system, as the title implies, is a combination of 
the internal combustion engine, electric generator and electric motor. 
The internal combustion engine is coupled to an electric generator, 
from which the electric current is taken to an electric motor, to drive 
the road wheels of the vehicle. The advantages claimed for this 
system are easy control, elimination of the gear box and clutch, and 
consequently smoother starting of the vehicle, with a considerable 
saving in tyre wear and life of the chassis of the vehicle. This system 
has made great strides in the motor omnibus world, and is quite 
satisfactory in use. 
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Costs. 


The relative first costs of these different types of road motor 
vehicles do not vary in any great degree, but it may be stated that for 
the same load to be dealt with, the advantage lies with the steam 
system, the electric battery type vehicle being the most expensive. 

The question of working costs of the different systems is a very 
complex problem and dependent on quite a number of circumstances 
and conditions. Taking the steel tyred steam wagon carrying a 6-ton 
load and working under favourable conditions, the cost need not be 
more than 14d. per ton mile, while if in combination with a 4-ton 
trailer, the cost is reduced to ld. per ton mile; with rubber tyred 
12 M.P.H. petrol vehicle, carrying a load of 6 tons, the cost will be 
about 1:6 pence per ton mile; with a 5-ton electric battery vehicle, 
having a total running weight of 91 tons, the upkeep of the batteries 
amounts to about 3d. per mile, the consumption of current per mile 
run being approximately 142 units, and the distance which can be run 
on one discharge on fairly level ground being approximately 40 miles, 
the total cost per ton mile will be approximately 2d., the cost of 
electrical energy being taken at ld. per unit. 


REDUCTION OF TARE. 


Much of the success of the heavy motor vehicle is due to the great 
advance which has been made in recent years in metallurgical science. 
An enormous amount of research and experimental work has been 
done, and the various alloy steels, such as nickel steel, chrome steel, 
vanadium steel and chrome vanadium steel, which are now being 
used by designers of motor vehicles with the object of obtaining 
maximum strength and life for a minimum of weight, are the result of 
this work. It can be stated confidently that only within the last very 
few years has the subject of very low tare weight compared to maximum 
strength and load been given proper attention, and the great success 
of the London motor omnibus as it is now known, is without doubt 
due to the fact that the professional advisers to the Metropolitan 
Police insisted, in order to meet the serious complaints as to vibration 
and noisiness which were rife in the early career of the motor omnibus, 
that the tare weight of the vehicle must be cut down from 5 to 34 tons. 
Promptly it was declared that it was impossible to produce a practical 
vehicle to within the limit prescribed. The vehicle was, however, 
produced, meeting the requirements of the authorities, and inci- 
dentally being the turning point of the successful career of the motor 
omnibus. 
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Types OF DRIVE. FRONT WHEEL. 


The majority of motor vehicles at the present time are driven from 
the rear road wheels, but on the Continent a type of vehicle is being 
produced and worked, and apparently quite successfully, with a front 
wheel drive, the whole power plant being situate quite close thereto. 
This method is being tried with both the internal combustion engine 
type and the electric battery type. The load portion at the rear of 
the vehicle therefore lends itself to the accommodation of a greater 
variety of body purposes. 


ALL WHEEL DRIVE. 


Another vehicle also being tried and with very successful results 
is what is termed the all wheel drive type. This vehicle has all 
its wheels power driven, and during the last French army manceuvres 
proved itself capable of performing wonderful feats in transporting 
heavy guns over bad ground. The French army manceuvres for 
1914 are to include a more extended trial for this type of vehicle. 

A further development of the all wheel drive system is a new 
motor vehicle, which has been produced in America for the United 
States army. This vehicle, in addition to all wheels of the vehicle 
being driven, has all wheels steered. Trials have shown remarkable 
results for this vehicle, in being able to travel over the very worst 
class of roads and ground, to negotiate up to 60 per cent. gradients, 
and to manceuvre in the most confined spaces. 

The engine is the internal combustion type and transmits power 
through the usual clutch, speed gears, two universally jointed pro- 
peller shafts and differential gears (one to each axle), and then through 
transverse knuckle jointed shafts on to spur pinion gear, at the road 
wheels, which latter are all pivoted to the steering gear. 


RENARD TRAIN. 


There is a further type of motor transport to which reference 
might be made—the Renard road train. This system, the invention 
of Colonel Renard of the French army, comprises a powerful tractor, 
coupled to as many trailer wagons as circumstances permit, as many 
as ten, it is understood, have been in the one train. The feature of 
the arrangement is that one pair of wheels on each wagon is driven 
by means of longitudinal cardan shafts on each wagon and flexibly 
coupled from the tractor to the first trailer, and similarly between all 
the vehicles of the train. The steering of the train is worked from 
the tractor, and a perfect path is followed by all the vehicles. 
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This arrangement beyond four vehicles is illegal in this country, 
but several trains are in use, notably in certain countries, such as 
Persia, where sandy ground is encountered, the distribution of the 
power over a number of wheels lending itself admirably to such 
conditions. - 

MULLER SYSTEM. 

Another—the Müller system—has been tried in Germany, this 
being somewhat analogous to the Renard system in France. In the 
Müller system the transmission through the train is electrical, the 
power unit and electrical generator being in the first vehicle of the 
train, and each vehicle of the train being equipped with electric 
motors. 

CATERPILLAR TYPE. 

Another type of tractor which has some use in America, par- 
ticularly for logging purposes, and chiefly in districts having no 
roads or at any rate roads of a very poor character, is that of the 
“caterpillar” type. 

In this vehicle traction is obtained by means of endless chain 
bands (on both sides of the vehicle) running on two separate sprockets 
3 to 5 feet apart. To these chain bands are attached cast steel treads 
in the shape of shoes, which make contact with the ground. "The 
power unit is of the usual internal combustion type, connected in 
very much the usual way to the above-mentioned sprockets. 

SPECIAL DESIGN TYPES. 

The Health Committee of the Liverpool Corporation have 
adopted motor vehicles for certain work, chiefly in the collection of 
domestic refuse. These vehicles traverse the 9 feet width back 
streets, and negotiate very awkward corners. The specification called 
for a vehicle of the internal combustion type and capable of carrying 
3-ton loads, and of a design suitable for being driven without reversing 
between 7 feet high walls, in 9 feet width streets having 90 degrees 
tangents connected with 9 feet inner radius curves, and it is interesting 
to note that although very extensive enquiries were made at the end of 
1911, only one offer was received, and the contractor only succeeded 
at the second attempt in producing a vehicle fully complying with the 
conditions. | 

The first wheel base was 9 feet 6 inches, but this was reduced to 
9 feet, with a steering lock of 37 degrees. This vehicle is the usual 
“driver behind the bonnet” type. At a later date, specifications 
were issued for vehicles with a 33 per cent. increase in capacity of 
bodies, with no increase in height, and it was then necessary to 
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resort to the type in which the driver's seat is over the engine bonnet, 
affording more available body space for a total over-all length. The 
wheel base of this vehicle is 8 feet 4 inches. 


WAR OFFICE SUBSIDY. 

Mention may also be made of the War Office subsidy type motor 
vehicles. Two classes of vehicles come under this scheme, one to 
carry a useful load of three tons and the other to carry half this 
weight. The War Office have issued fairly rigid specifications and 
conducted very exhaustive tests with which vehicles shall comply, and 
owners of such vehicles enrolling under the above scheme are 
entitled to certain annual subsidies and purchase premiums in the 
event of the War Office requiring them for national emergencies. 


EFFECT ON Roaps. 

The enormous and ever-increasing number of power vehicles in 
Great Britain has not been without its effect on the roads, and while 
one branch of the engineering profession has been devoting itself to the 
production of a type of vehicle capable of successfully dealing with 
road transport, another branch of the profession has, it might be said, 
had thrust upon it, and comparatively quite suddenly, a problem of 
extreme complexity, which is taxing to the uttermost the best brains 
in that profession and straining the financial resources of county and 
municipal and other local authorities. Although a very great amount 
of work and of money has been expended in the last few years on the 
improvement of the roads generally, those responsible have not kept 
pace with the development of motor traffic, and a great deal has still 
to be done in improving the roads, but the real problem of deciding 
what is the most effective and suitable road structure and surface 
for the new traffic seems as far off as ever, more particularly with 
reference to the main county roads. 

The problem is of course rendered the more complex by reason 
of the fact that in addition to the great variety of vehicles using the 
roads, there is at the present time a state of transition of this traffic. 
A road may be fairly suitable for the different classes of traffic now 
using it, when suddenly a heavy motor service in one or several of its 
various forms is placed upon it, and the road engineer and authority 
responsible for its upkeep are confronted with a set of novel con- 
ditions and circumstances which are now becoming more and more 
difficult to deal with. 

The ideal road surface for a power vehicle is one which is not 
exactly suitable for horse traffic, and while the two types have yet to 
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travel on the same road it is obviously a matter for compromise 
during this period. 

In studying the problem of the road structure and road surface it 
cannot be divorced from the study of the vehicles using it, and it is 
very essential that the road motor vehicle and its permanent way 
(using the analogy of the locomotive and railway) should be considered 
together, as in the latter case. 

WIDTHS AND SURFACES. 

The existing roads in the main are not wide enough to permit of 
a number of surfaces being provided for different classes of traffic, and 
it is almost a maxim with up-to-date road engineers that the fewer 
types of surface there are over the width of a road of ordinary 
dimensions the better; or in other words, the road of ordinary width 
will give greatest satisfaction, both in use and cost of maintenance, 
which has only one class of surface. 

There is the case of the tramway, for which in the shape of grooved 
steel a special surface is provided in the ordinary road, but those who 
study the matter carefully cannot admit that the general road surface 
is improved by the change, and will agree that the tramway in turn is 
not receiving the full benefits to which it is entitled. 

Where a road is of such width and type that provision can be 
made for fencing separately the principal classes of traffic, obviously 
the most suitable surfaces can be provided in the alloted portions. 

New Roaps. 

During the next few months a new wide road is to be constructed 
in this city, under the supervision of the City Engineer of Liverpool, 
Mr. J. A. Brodie, in which the tramway is to be separated and 
fenced off from the remaining portion of the road. This will permit 
the tramway portion to be constructed of a perfectly suitable character 
for its particular class of traffic, enabling high and safe average speeds 
to be maintained and at a less expenditure in first cost and subsequent 
maintenance than the usual method, and further, which is of quite 
equal importance and bears particularly on the subject of this paper, 
it will have the effect of freeing what might be termed the main road- 
way, so that this may also be constructed and surfaced of a 
character more fit for the traffic which may be expected to use it. It 
is obvious here that both forms of traffic will benefit under such an 
arrangement, and also it will at once be seen that an appropriate 
expenditure is only necessary in each case, and as has already been 
stated in the case of the tramway, both can be maintained much more 
economically. 
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EXISTING ROADS. 

In dealing, however, with the existing roads, the problem is pre- 
sented in its worst or most intense form. In large cities and towns 
where excellent roads already exist, if even of different characteristics 
in surfaces, these will usually be found to meet the necessities of the 
increasing motor traffic, until at any rate the time has arrived when 
motor traffic has practically superseded other forms of street traffic, 
when, no doubt, street surfaces will gradually be transformed so as to 
` be entirely or more suitable for their particular use. 

The case of the roads in the counties outside the above areas is in 
a somewhat different category, and during the last few years a serious 
state of affairs has arisen owing to the great increase of heavy motor 
traffic. County authorities are being put to enormous expense in 
maintaining the roads, with the result that outside financial help has 
become necessary, and that without delay. "Taxation and registration 
fees were imposed on motor vehicles as also a petrol tax, these monies 
being controlled by a new state organization—the Road Board—whose 
function it is to allocate grants to county and other authorities for the 
purpose of bringing the structures of the roads to a condition more 
suitable for their newer use. 

Roap Boanp. 

The Road Board has issued standard specifications for the general 
guidance of those responsible for such work. The salient feature is 
the necessity of providing a suitable binding agent for the material 
comprising the road structure and wearing surface, and bitumen, pitch, 
tar, and kindred products are now necessary in all modern road 
construction and maintenance. The other materials are stone in its 
various kinds and forms, slag, and for towns, various classes of wood. 
Liverpool practice as to the choice of foundations, structures and 
surfaces, to suit the different classes and intensities of traffic, is one 
which it is difficult to see how it could be improved. For light and 
medium traffic, pitch macadam 1s used ; for other forms of medium 
and the heavier traffics, stone-sett paving with suitable heavy founda- 
tions, and for quiet traffic in busy streets, wood paving and asphalts. 

On all these surfaces rubber-tyred vehicles are quiet, but steel-tyred 
vehicles are noisy on the sett paved streets, although it is worth 
remarking that they are distinctly quiet at comparatively slow speeds 
on the soft wood surfaces now so much in vogue, and reasonably 
quiet on the pitch macadam surfaces. 

In London the asphalt and soft wood surfaces appear to be ideal 
for the enormous rubber-tyred motor omnibus traffic, but within the 
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last year or two experiments have been made, as also in Liverpool and 
elsewhere, with a class of stone-sett paving having more accurately 
dressed joints and surfaces. Such a class of paving under rubber- 
tyred traffic should have an almost indefinite life, but the first cost 
is heavy. l 

- Motor TRANSPORT. 

The various uses to which the roads are now being subjected by 
motors of all classes are many. Road motor transport has taken its 
place definitely among the other classes of transport, railway, canal, 
&c. The outstanding example is the enormous organization of the 
motor omnibus service in London, radiating in every direction, in some 
cases a distance of 70 miles. Some 3,000 such vehicles are in use. 
The Post Office, through their contractors, are large users, as are also 
the War Office and the various large carriers. Noteworthy is the 
fact that the London Fire Brigade is to be completely remodelled by 
1916 with power-driven vehicles. There are, of course, many users 
in the provinces, but apart from the example above stated, which is 
entirely a matter of passenger transport, there is no one organisation 
of similar magnitude capable of dealing with the transport of mer- 
chandise and material. 


LIVERPOOL Dock TRAFFIc. 

The congestion of the dock quays, roads and railway goods 
termini in Liverpool, is a matter which has engaged and is again 
engaging much public attention. Various suggestions have from time 
to time been advanced, and among them the proposal to utilise the 
motor vehicle, and needless to state, from some quarters it 1s claimed 
that the motor is the one solution. The number of such vehicles 
in use on the above work at present is comparatively negligible. 
Under existing conditions of loading at the ship side and unloading 
at the warehouse or railway station, the present type of motor is unable 
to hold its own. The time taken in waiting, loading and unloading 
forms such a large percentage of the total daily time available, that the 
high first cost vehicle is swamped by “standing charges " in more senses 
than one. Fora power vehicle to do any real good in connection 
with this important problem it should be capable of taking a much 
heavier load than the two-horse lorry, and also than the existing legal 
heavy motor regulations permit, at a much higher average speed than 
the horse. The existing state of the law will permit this to be done 
by the traction engine and trailers, at, of course, the regulation slow 
speed. This does not meet the case, slow speed and bad manceuvring 
qualities being objectionable. 
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This may be stated confidently that the adoption of power vehicles, 
and particularly those of large and heavy capacity, will most certainly 
raise the siege of congestion, but as to whether in the form of tractor 
and trailer units, single self-contained motor wagons, or possibly a 
combination of both systems, and further, whether they shall be 
steam, internal combustion, or electrically driven, are problems 
which will require very careful investigation. It would seem that any 
advantage which one of the latter may have would be a secondary 
consideration compared with the question of the selection of the type 
or form of vehicle, as the advantage in manceuvring qualities, space 
occupied, and average speed of travel will probably outweigh other 
considerations. 

In certain influential local circles the case of the tractor and 
trailer unit has been very carefully examined and favourably enter- 
tained as a possible solution, or partially so, of this important 
problem. It is, briefly, that with certain existing obstructive factors 
removed, the tractor and trailer unit, with four trailers per tractor, one 
with the tractor, one loading, one unloading, and one in reserve, could 
deal with nine or even ten loaded journeys per day, each load 
comprising approximately six tons. Allowing reasonable time for 
detaching and attaching trailers, and an assumed “there and back” 
journey of three miles, the average speed of the unit would work out 
to about 3°85 miles per hour; a figure for a two vehicle unit probably 
on the high side, but which for purposes of comparison may be 
conceded. : 

Turning to the single motor vehicle transporting the load on its 
own platform, and granted, as it should be, the same loading and 
unloading speeds as those quoted in the tractor case, viz, at the 
rate of approximately six tons per quarter of an hour, in order to 
accomplish equal work, it is only necessary that the average travelling 
speed be at the rate of one mile per hour more, or nearly five miles 
per bour. This is not by any means an unreasonable speed for a 
single power vebicle, and would in all probability have a better 
chance of being maintained than the but slightly lower average speed 
of 3:85 miles per hour with the two vehicle unit. 

There is, therefore, the advantage of fewer vehicles in use, and 
consequently less congestion, and as a factor in the same problem, 
the obvious ability of the single motor vehicle to operate in more 
confined spaces; further, there would be less total gross tonnage 
moving on the roads, which would be consequently subject to less 
wear, whilst the cost of haulage would be considerably reduced. 
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There is a third method, a development of the previous one, viz., 
the combined use of a motor vehicle, carrying a load on its own 
platform, and hauling a loaded trailer. Travelling at the same 
average speed as the tractor and trailer unit, a greater tonnage can 
be dealt with in only two-thirds the number of journeys and at still 
further reduced cost ; and where loading and unloading facilities are 
such that both motor and trailer loads can be dealt with simultaneously, 
so saving time in manceuvring for coupling and uncoupling the 
trailer, the number of journeys increases, with consequent increased 
tonnage, but congestion is probably only a degree less than with 
the tractor and trailer unit. 

The examples quoted are on the assumption that the operations, 
if in actual practice, would be conducted under high-pressure working 
conditions, favourable circumstances and perfect organisation. They 
are, therefore, on the optimistic side, but the object has been to 
compare the various methods with the one which has received, to 
some extent, public attention, and to show that the choice is not 
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restricted, and, as already stated, requires care in selection. It may 
be, however, that the magnitude and complexity of the work will 
permit or render desirable the installation of different systems, with 
the subsequent survival of the fittest. 

The foregoing statement in tabular form shows the space 
occupied by these different types and others, and their relative 
value to the capacity of a roadway, and consequently their relative 
worth to the relief of the congestion of traffic. It will be observed 
that the single motor vehicle is the least obstructive and enables the 
road to render the greatest service. 


HEAVIER TYPES OF MOTOR VEHICLES. 


The foregoing types can be operated within existing legal 
enactments and regulations, and there is no doubt that even under 
these restrictive conditions, the power vehicle would facilitate local 
transport to and from the docks. As already suggested, however, full 
benefits will not be obtained until larger and heavier loads than the 
present regulations permit are handled. 

The question is, therefore, why should not very much heavier 
loads be carried on one vehicle? Motor vehicles can be constructed 
and worked to deal with such heavy loads, and as the roads on the 
Dock Estate and in the immediate vicinity of the docks are quite 
capable of bearing these loads there appears to be no reason why 
such loads should not be dealt with. 

The existing regulations as to axle weights were obviously framed, 
and rightly so, primarily in the interests of the inferior class of roads, 
but it is regrettable that some attempt should not be made by the 
joint authorities concerned to approach Parliament or the Local 
Government Board with a view to setting aside or modifying the 
existing regulations, so far, at any rate, as this special area is con- 
cerned, in order that a real attempt might be made to solve this 
problem. 

In certain classes of bulky merchandise much greater weights 
could not be more expeditiously dealt with, as there is a practical 
limit to the overall dimensions of even a power vehicle, but, granted 
that the roads are perfectly suitable, there seems to be no reason 
why, for other classes of goods, heavier loads should not be carried on 
properly designed vehicles in regard to power and strength. 

The problem would appear to be to determine what generally is 
the most suitable maximum overall length and width of a power 
vehicle for such class of work, thereby determining the maximum 
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loading platform areas and, with different types of bodies and methods 
of loading, the maximum volumetric capacity, and to have as many 
classes of such vehicles as regards strength and power, for dealing with 
the maximum loads of different classes of merchandise. There would 
thus be maximum capacity light load vehicles ranging to maximum 
capacity heavy load vehicles. The advantage of retaining maximum 
capacity platform areas for loads with comparatively short journeys is 
that loading and, to some extent, unloading, is greatly facilitated. 
There does not appear to be a class of merchandise which would be of 
such a heavy character as to necessitate cutting down the standard 
platform area to prevent overloading. This would, however, in any 
case be checked by simple means. 

It would seem, therefore, that in addition to having power vehicles 
capable of transporting six tons on their own platforms, there should 
be graded powers and strengths of vehicles suitable for dealing with 
10, 15, and even, probably, 20 tons. 

A further advantage in being able to deal with such loads on the 
one vehicle is that they are more in conformity with the capacities 
of standard railway rolling stock, and probably delays in completing 
loads are minimised. 

As showing extreme possibilities of these heavier loads, as 
much as 80 tons on four axles has been transported along the public 
roads adjacent to the docks, without appreciable damage to the road 
surfaces, structures or foundations. 

What is the maximum axle weight which could regularly be 
safely and economically permitted is a matter for very careful 
investigation, but it is certainly very much in excess of the present 
legal maximum. Apart from this, there appears to be no good reason 
why the advantage should not be used. 

At the present time, consideration is being given to the question 
of approaching the Local Government Board for the general amend- 
ment of maximum axle weights, and, very properly, the abolition of 
the tare weight clause, and it would appear to be a fitting opportunity, 
if it came early, to present this special case of Liverpool transport, 
but in the latter case matters ought not to be delayed. 

Reference has already been made in the paper to the vast and 
successful passenger transportation in London by means of the motor 
omnibus, and as yet no one organisation of corresponding magnitude 
has arisen capable of handling great quantities of merchandise, but it 
is certain that with the general adoption of power transport for the 
case under review, it would be a fitting counterpart in magnitude and 
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equally in success, enabling merchandise to be handled with celerity 
and economy, and contributing very largely to the solution of the 
congestion of traffic problem, thereby strengthening Liverpool in its 
continuous efforts to retain pride of place among the ports of the 
world. 


The Paper was illustrated by numerous views of motor vehicles 


and by plans and diagrams, some of which are reproduced in the text 
and in the plate. 


n 


The President 
Mr. J. A. Brodie 
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DISCUSSION. 


The PRESIDENT moved a vote of thanks to the author. 

Mr. Jonn A. BRopirk said that he had listened with great pleasure 
to the paper, which was a very valuable one, dealing with a subject 
of great importance to the City and Docks of Liverpool at the present 
time. He would like to say that Mr. Molyneux understood this 
question very thoroughly, having been responsible for the Motor 
Wagons of the Corporation since their adoption in 1898. Personally, 
his view was that Motor Traffic would increase in the future to a 
much greater extent than it had done even during the past few years. 
He had recently been over a portion of the Lancashire roads between 
Liverpool and the manufacturing districts and had been very much 
interested to see the large number of heavy motor vehicles using 
those roads. He had been a little disappointed that the roads leading 
to Liverpool should be so very much less suitably surfaced than were 
those leading from some of the manufacturing districts in the direction 
of Manchester. Leaving the town of Bolton, there was a fine broad 
road right through to Manchester, splendidly paved throughout with 
granite sets, and he could understand why a considerable quantity 
of the motor traffic preferred to take a road of that description rather 
than the main road leading in the direction of Liverpool, the surface 
of which was macadam, portions being in very poor condition, notably 
between Manchester and Warrington. It was evident that something 
would have to be done in the way of special provision for motors 
travelling from Liverpool to the manufacturing districts. 

A point which the author had mentioned particularly, but which he 
had not dealt with as thoroughly in detail as he was capable of doing, 
was the question of the reduction of the tare load of the vehicles. 
In the early days of the movement the available materials were, 
generally speaking, not fit for the stresses brought upon them, and 
the weight was unduly increased, but now the stage had been reached 
when motor manufacturers were using the best and most expensive 
material, thus bringing down the total weight of the vehicle as much 
as possible. 

The question of the motor omnibus bad been referred to in the 
paper, and the success of that vehicle was largely due to the fact that 
it had been very well engineered, and particularly from the point of 
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view of its tare weight as compared with its total weight when fully 
loaded. Some people favoured the motor omnibus type as compared 
with tramcar construction, and.if the motor bus competition did rouse 
tramway people generally, probably no great harm would be done. 
The tendency throughout the country in tramway matters was to run 
up the weight per passenger, whilst the motor bus makers were 
reducing the weight per passenger carried, and so long as these lines 
continued engineers could foresee which was likely to win in the long 
run. Hedid not assert that the motor bus would win, but the tramcar 


manufacturers generally, in his opinion, would have to cut down their : 


total weight per passenger carried. 

Mr. W. H. Crowe stated that the point in which he was more 
particularly interested was the problem of the congestion that existed 
on the docks and at the warehouses and railway depots. He was not 
disposed to blame the roads too much, and his views were hardly 
likely to be helpful from an engineering point of view. From his 
experience, a wagon’s average speed throughout the day, after running 
5 miles per hour with its load, was only about 14 miles per hour, and 
on many days it did not amount even to that, which went to show 
the very great delays that occurred at the loading and discharging 
points. 

Mr. F. R. DoyLe remarked that he was interested in the subject 
from the point of view of the manufacturer of the vehicle, and there 
was no doubt that a vehicle might be made te carry 15 tons success- 
fully. At present the law prohibited the carrying of such a weight, 
the legal limit being about 6 tons. His firm were now making a 
vehicle for Colonial work, which travelled over soft sandy soil in 
Australia, and which carried about 8 tons at about 8 miles per hour, 
and probably it would be quite easy here, in a cooler climate and 
with paved roads, to carry considerably more than 15 tons, possibly 
20 to 28 tons, though it might be necessary to have six wheels. 
Motor vehicles were not used to a very great extent on the dock 
roads, but the author had certainly not over-estimated the speed of the 
single motor wagon or the motor wagon and trailer. The former 
would exceed the 3:85 miles per hour stated, quite easily. 

Mr. A. C. AUDEN observed that although the author had 
mentioned the traction engine and two or three trailers, he had not 
referred to the single motor wagon with several trailers, which could 
be left at the warehouse, so that the time of loading as shown in the 
sloping line in the diagram would be practically eliminated. Some 
years ago a friend of his had invented a sort of motor pony truck 


Mr. J. A. Brodie 


Mr. Crowe 


Mr. Doyle 


Mr. Auden 


Mr. Auden 


Mr. Gaunt 


164 DISCUSSION ON MOTOR TRANSPORT ON ROADS. 


which fitted under the lorry, the idea being that no time should be 
lost in loading, and he would like to have the author’s opinion of 
what the result would be, on the diagram, of having a motor wagon 
with sufficient trailers, and whether the elimination of the sloping line 
of the loading would not enable another journey to be made. 

The author had referred to the ring-rail vehicle, which Mr. Auden 
had had an opportunity of seeing, and in which the idea was to get a 
very large surface without the weight of a very large wheel. The 
difficulty was that the whole thing was exceedingly difficult to keep in 
a vertical plane. With the slightest lateral inequality of the road the 
top of the wheel went over. Another interesting vehicle that had been 
introduced at about the same time was fitted with ordinary traction 
engine wheels, with wooden planks, each about 4 feet long, hinged at 
the ends with strong angle irons along the edges, and these were 
supposed to slide round the wheel as it advanced. It was quitea 
failure, however, as the boards came down flat and thrashed them- 
selves to pieces. The “Caterpillar,” to which the author had 
referred, overcame that difficulty, because the whole thing moved 
together. 

Mr. Chase, who was unable to be present, had asked him to say 
how: well the author had seized the vital point in regard to the 
enormously increased capacity of any road with a quite small increase 
in the speed of the vehicles thereon. In conjunction with Mr. Chase, 
he had been making some investigations, and it was extraordinary 
what an enormously increased capacity of the road could be obtained 
by increasing slightly the speed of all the vehicles, but it must be 
remembered that only one slow-moving vehicle was sufficient to 
lower the capacity of the road quite appreciably, owing to the 
time lost in slowing down to pass, this being particularly the case 
where the width of the road was such as to allow only three vehicles 
abreast. 

Mr. H. Gaunt remarked that although not an engineer he was 
greatly interested in the question of the traffic of the Port. The 
author apparently was in favour of heavy motor vehicles of, say, 
15 tons, but in Mr. Gaunt's opinion the trouble was not so much in 
connection with the carrying as the detention at either end. In view 
of the possibilities of heavy motor traffic, he would ask how the 
loading and delivery would be regulated. Taking delivery first, 
although this was somewhat “ putting the cart before the horse," and 
assuming that one-half of the goods from the docks were carted into 
Liverpool warehouses, and taking cotton as the produce, two one- 
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horse wagons belonging to the one firm might be loaded at the dock 
and arrive at the warehouse almost together. The first would be 
under the door and lightening, and the other standing by. A motor 
arriving with 20 tons could claim turn after the first wagon had been 
lightened, but the second wagon could again claim turn after the 
first 20 bales had been removed from the motor. This would mean 
that the motor would have to draw away from under the door and 
wait for the wagon to be lightened, and could in turn stop the wagon 
after 20 bales had been taken off, and draw under again to have a 
further 20 bales lightened; therefore, if the second wagon had 60 
bales on, it would mean that it would have to draw under the door 
three times to get lightened, and if other wagons were there also, the 
motor would stand a good chance of being there all day. This rule 
more or less applied to the loading at a dock, but the master porter 
tried as much as possible to put matters right by sending any carter 
making a bother to another door. Still, the commotion and trouble 
had been so great at the docks recently that he understood the 
Master Carters’ Association were now taking notes with a view to 
having the unsatisfactory conditions remedied. ‘There appeared at 
the moment to be only one remedy, and that was, that the heavy 
motor would have to give way to the wagon in respect to fairness only. 
Again, there was the warehouse with only a single door, from which 
all housings and deliveries were conducted. A 20-ton motor drawing 
up, secured a place for lightening. In the meantime two or three 
different parties might send wagons for delivery, which meant that 
the warehouse keeper would have to ask the motor man to draw 
away after the 20 bales had been lightened or there would be endless 
trouble from owners of the other goods for delivery. Although he 
had but mentioned warehouse work, so far as lightening was con- 
cerned, sooner or later there would be trouble at the railway stations, 
especially if motors of greater capacity were adopted. If a satisfactory 
solution could be arrived at for loading and delivery, the heavier 
motor would no doubt be a step in the right direction. 

The PRESIDENT asked what the present rules were with regard to 
a motor and trailer arriving at the docks. 

Mr. GAUNT replied that he could only speak about the rules from 
hearsay, but he understood that in the case of a motor arriving at the 
docks with a trailer, the trailer was supposed to be loaded, provided 
no other vehicle was waiting. A one-horse wagon arriving a few 
minutes later than the motor and trailer would claim to be loaded 
before the trailer. 
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Mr. Crowe stated that the custom was to stop at 20 bales 
during busy times, but the motor wagon being new to Liverpool, he 
had given instructions to his men that if they wanted 50 bales of 
cotton or 100 sacks of corn, &c., they should refuse to pull away 
until fully loaded, on the ground that the two vehicles were a carrying 
unit. 

Mr. CoLiN S. PERCY said that he represented the motor wagon 
manufacturer's point of view, although he was also able to speak from 
the wagon owner's standpoint, and he had certain ideas as to what 
might be done to relieve the traffic difficulties in Liverpool. Asa repre- 
sentative of a manufacturer of motor lorries, he contended that it was 
difficult to compete with the present congestion at the docks. 

This congestion was the crux of the whole question. Mr. Crowe 
had referred to the loading of wagon and trailer; before the recent 
strike of the drivers, the wagons were loaded and the trailers were 
refused a load at the same time, with the result that the motor was 
handicapped. Now,a certain amount of organisation had taken place 
at the docks; there were to be gangs to give the motor as quick a 
dismissal as possible, so as not to delay the horse vehicle. The 
author had suggested that a 15-ton motor wagon should be used, his 
idea being that the fewer vehicles there were on the streets the less 
would be the congestion. The roads in Liverpool were magnificent 
and capable of standing those big wagons, and there was probably no 
reason why the law should not be amended locally and the heavier 
wagon used. It was not possible in all cases for a motor and trailer 
to compete with the horse, as the former, although at present illegal, 
could carry far more than it was allowed to carry. What was wanted 
was to get away from the trailer if possible and carry all on one 
wagon of from 15 to 20 tons at the minimum of cost, and the delays 
and congestion at the docks would nearly disappear. There were a 
number of motor wagons at the present time going as far locally as 
Aintree, and it was possible to do three journeys per day. He had 
known only two journeys to be done, and that was all due to the 
prejudice that for a time prevailed among the horse carters, who 
refused to give the motor a chance and put all possible obstacles in 
its way, with the result that the motor was not able to do its best. 
As a whole, conditions were better now, and he thought it was only a 
matter of time before the motor came into its own in Liverpool. 

Mr. A. L. RATHBONE wished to discuss the subject from the point 
of view of the engineer and also from that of the warehouseman, and 
taking the latter first, what was wanted more than anything else was 


DISCUSSION ON MOTOR TRANSPORT ON KOADS. 167 


a better system of agreement between the carter and the merchant 
and the warehouseman or master porter. At present, the system in 
vogue was to some extent that the carter might turn up with his order 
at almost any hour and ask to be loaded, and that was apt to cause a 
difficulty, which could be obviated if the deliveries were arranged for 
the day before. With regard to Mr. Gaunt's remarks relative to the 
20 bales of cotton being dealt with at one time and then the cart 
having to draw away, he could only say that in his own case, dealing 
with corn, if any carter came to his warehouse and wanted such a 
thing to be done he would probably not get loaded at all. Mr. 
Rathbone held that a carter had absolutely no right to demand that 
a cart should be moved away when it was not loaded, and in the 
same way, if Mr. Crowe would bring down his motor and trailer and 
try to leave the trailer and refuse to move it so that it became a stand 
wagon, he would be dealt with in the same way as a carter who wished 
a cart to draw away before it was loaded. Undoubtedly a good deal 
of the congestion at the docks could be obviated if the warehousemen, 
merchants and master porters would try to work together instead of 
working against each other and each trying to get the better of the 
other, as they were a little apt to do. With regard to heavy motor 
traffic on the Liverpool roads and the possibilities of the speeding up 
of the traffic generally, the motor car should not necessarily travel 
faster when it had a clear road, but it should be able to average a 
greater speed. A great deal could be done if the Dock Board would 
give more assistance than they had done in the past. For instance, 
along the whole line of docks there was the dock railway, on which 
the Board refused to allow vehicles other than railway wagons to travel. 
It would be an easy matter for the Dock Board to: permit self- 
propelled vehicles to travel on that road. They could easily get out 
of the way when trains arrived, they would cause no stoppage to the 
trains, and they would, by keeping more or less to those tracks, give 
greater freedom in the more congested portion of the line of docks, 
more especially on the length between the Stanley Dock Bridge and 
the New Quay. If the self-propelled vehicles, which travelled at a 
greater speed than the horse-drawn carts, were allowed to use the 
dock line of rails they could easily dodge the trains and they would 
leave to the ordinary horse traffic the whole of the ordinary roadway. 
In that way alone the congestion on the line of docks could be 
diminished by at least 30 per cent. With regard to the question of 
the present roads, there was no doubt that the roads in Liverpool, 
especially the sett-paved roads on the dock road and on the main 
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lines of communication out of Liverpool, could stand axle weights of 
20, or even 30 tons without doing them any appreciable injury, 
provided the speed was not too great, say up to 10 miles an hour. 
If, however, such speeds were to be allowed, especially with trailers, the 
width of tyre or diameter of wheel must be largely increased in order 
to minimise the damage that might result where such vehicles were 
required for any reason to take side streets in which the pavement 
was of insufficient strength to stand it. These weights would 
be perfectly safely borne by the main streets of Liverpool and most 
of the other large cities, but it would be of very little use to the com- 
munity in general if such heavy vehicles were restricted to those 
streets and roads, and with the present diameter of wheels and width 
of tread the main county roads were quite unable to carry such axle 
weights. He disagreed entirely with the author in saying that this 
question of road surface was no nearer solution than it was some 
years ago. His opinion was that the solution was very much nearer 
and that a satisfactory solution was being reached very rapidly, but 
in order to make it possible at any reasonable cost to render the main 
streets fit to carry axle weights of 20 to 30 tons, the tread and 
diameter of the wheel must be increased, and very careful regulation 
would be necessary as to speed of the vehicles on different types of 
road. A speed that would be perfectly safe, for instance, along the 
dock road, or King Edward Street, or any other of the finely paved 
roads within the city, would be absolutely destructive on such a road 
as that between Ormskirk and Preston, or that between Prescot and 
Warrington, and there the speeds would have to be reduced, but if 
they were reduced and if the owners of motor vehicles could 
be persuaded to moderate the speed according to the type of road on 
which they happened to be travelling, a great deal of the prejudice 
which undoubtedly existed against heavy motor traffic would vanish. 
On the other hand, if the master carters and master porters 
could come to some resolution which would minimise the amount of 
delay, due, not to loading and unloading but to squabbling as to who 
should load first, and to the want of some arrangement as to when 
the various carts should apply at the warehouses and quays for their 
loads, and, if what he might term a clearing house for dealing 
with the traffic could be formed, the congestion at the docks would 
probably be reduced to a minimum without any necessity for any 
increase in the number of vehicles used. 

Mr. G. CARRUTHERS THOMSON observed that the methods 
adopted in Scotland were entirely different to those of Liverpool, 
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the weights of the carts here, for instance, being three times as great 
as they were there, where 3 or 4 tons were loaded in a single cart. 
He had noticed loads here of 10 to 12 tons, requiring three or four 
horses, and the strain on the horses was necessarily very severe when 
starting. With regard to Mr. Rathbone’s remarks relative to motor 
vehicles traversing roads at speeds suitable to the quality of those 
roads, it was against human nature for their drivers to travel slowly 
or to take the state of the roads into consideration. Referring to the 
diagram, it would appear that the second and third lines were about 
the most efficient. The human element played an important part, 
and different drivers of precisely similar vehicles would get through 
varying amounts of work. 

Mr. BERNARD RATHMELL thought that the discussion on this 
occasion had been rather unduly devoted to the question of the 
Liverpool Dock Traffic and the troubles arising from conflicting 
interests. He imagined that as dealt with in the paper Mr. Molyneux 
in the first place assumed, as a necessity, a reorganisation of methods 
and some co-ordination amongst the dock, carters, warehouse, railway 
and other interested bodies. This Dock Traffic was a big question 
in itself, but he thought that there were other parts of Mr. Molyneux's 
important and comprehensive paper which were well worthy of 
recognition in the discussion. Regarded from an engineering point 
of view he thought that the most interesting portion of the paper was 
that dealing with and describing the various types of wagon. It 
covered a wide range and showed what a great variety of vehicles 
were now in use. "These, again, showed what considerable possibilities 
there were for future types. 

Whilst recognising that the paper was a general one and was not 
intended to deal with details of construction, he would like a descrip- 
tion of the mechanical arrangement of the wagon with all wheels 
driven and all wheels steered—this with particular reference to the 
articulation of the driven wheels. He would also like to hear from 
the author whether the wagons with front wheels driven presented 
any more difficulties in steering compared with the steering of vehicles 
with the ordinary rear wheel drive. 

He had sometimes wondered why the Renard Train was not more 
in evidence ; it appeared at first sight to be an ideal arrangement for 
general traffic. Was it on account of the cost of upkeep? There 
must be considerable wear and tear, and possibly the mechanical 
losses would be rather high. The “Caterpillar” type was also an 
interesting one, though it might not appear pretty. 
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For cases such as the Liverpool Dock Traffic, the author had made 
out a strong case for the high capacity single wagon, and he would 
like to suggest that such wagons made with all wheels steered and 
driven would show further advantage in a district crowded with heavy 
traffic. The manceuvring space required would be small, and the 
tractive effort would be distributed over more road surface than in a 
vehicle with only one pair of wheels driven. Possibly the added 
constructional complications and cost would discount any advantages 
in these directions. 

Mr. J. M. Linton BocLE referred to the fact that the author had 
advocated a 15-ton motor vehicle, and to Mr. Doyle’s statement that 
one of even greater weight would be useful because it did away with 
the trailer. At a recent discussion in Manchester the intense hatred 
evinced by road surveyors, as a body, against motor wagons fitted 
with steel tyres had caused Mr. Bogle considerable astonishment, and 
it had occurred to him that road engineers would not look with 
favour upon those increased axle weights. Mr. Rathbone had stated 
that there were roads in Liverpool which would stand very heavy 
loads, and no doubt some of them would, especially the better ones 
in the centre of the city, but one speaker had said that these vehicles 
went out as far as Aintree. Mr. Rathbone had suggested that this 
should be met by increasing the width of the tyre and the diameter 
of the wheel. Mr. Bogle suggested that there was perhaps another 
way of meeting the problem and that was, that the number of axles 
might be increased so that the load on each axle would be less. 

He would like to know the author's opinion as to the relative 
importance of those suggestions and whether an improvement could 
be obtained by introducing a design somewhat of that kind. 

Mr. Crowe, referring to the statement in the paper, that “in 
“certain influential local circles the case of the tractor and trailer 
“unit has been very carefully examined and favourably entertained 
“as a possible solution," said he understood that the Chamber of 
Commerce, after a lengthy consideration, had concluded otherwise, 
and with reference to loading, as stated in the paper, “at the rate of 
“approximately 6 tons per }-hour,” he was afraid that would be below 
the average loading time. He thought that with two or three excep- 
tions the 15-ton vehicle could not be successfully used in Liverpool 
for this reason :—Assuming a ship bringing in a large consignment 
for different merchants; the latter were required under penalty to 
remove their goods within 72 hours after landing and consequently 
were entitled to certain facilities to comply with the regulation. With 
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the 15 or 20-ton vehicle the longer loading time required would not 
give equal opportunity to all. A 10-ton load on one vehicle, taking 
into consideration the fact that it ran faster than the ordinary lorry, 
might be more advisable. The trouble was not in regard to the 
vehicles used, but rather to the arrangements for loading and unload- 
ing. The motor wagon and trailer was a unit, because the law 
did not permit the capacity of the wagon to be borne on two axles; 
consequently, two vehicles were required to comply with the law, 
but the motor wagon and trailer remained a carrying unit. The 
motor wagon had enormous power of recovery; for instance, when 
a master porter had given wrong information it had been found 
possible to travel the full length of the Liverpool docks and be loaded 
by 8-30 a.m., whereas a team wagon under similar circumstances 
would have been occupied until about 11-30. 

With reference to Mr. Rathbone’s remarks regarding the use of 
the dock line of railway, the very place that Mr. Rathbone had 
mentioned, viz., between Chapel Street and Stanley Bridge, was very 
narrow inside the dock walls, and it would be impossible to overtake 
a train before meeting another travelling in the opposite direction, and 
it was doubtful whether it would be possible to cross over from one 
line to the other. Again, at certain times of the day the London 
trains crossing the road from Waterloo Station to the Riverside 
Station would add to the difficulty. 

The AUTHOR, in reply, said that most of the speakers anent loading 
and unloading and waiting problems, had answered one another’s 
questions, but surely once the loading and unloading difficulties were 
settled, the engineer could still step in and help the carriers. Mr. 
Crowe’s remarks would appear to be very heartening to the motor 
enthusiasts. He seemed to think the trailer was a nuisance and 
wanted to increase his load to 10 tons. The 15-ton load had been 
mentioned in the paper, purely as an instance, as he might have used 
6, 10, or 20 tons. Motor vehicles might be of all those sizes, and 
a use found for each. Mr. Doyle had referred to the colonial model ; 
the big diameter wheels interfered with the loading platforms, and 
that would be a serious matter. 

With reference to Mr. Auden’s remarks relative to the motor and 
several trailers, one of the lines on the diagram had reference toa 
traction engine and three trailers, and this was analogous to the motor 
and three trailers. Its speed was of course limited to two miles 
per hour, owing to its having more than one trailer. On the 
Continent the motor with three trailers was quite a common system 
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of transport. The Renard trains and the Miiller trains were each 
capable of hauling several trailers, although in that case, each trailer 
in itself was a driver, but at the present time in this country such 
vehicles were illegal, and that was an answer to one of Mr. Rathmell’s 
questions, viz., that the Renard train could not be used except for 
three trailers. The ring-rail system had been mentioned by Mr. 
Auden ; that and the "Caterpillar" system were used considerably 
in the logging districts of America. The latter was also used in the 
Scott Expedition, but without success, the motor giving great trouble 
owing to the intense cold. 

Referring to Mr. Chase’s observations regarding increased speed, 
which had been communicated through Mr. Auden, it appeared to be 
obvious that if all the units were increased, and particularly if they 
were all brought to a fairly uniform average speed, there was bound to 
be a greater carrying capacity of roadway. The conditions in London 
were interesting to anyone who contrasted the speed of the London 
traffic to-day with that of ten years ago. 

Mr. Gaunt’s remarks called for no comments from him ; it was 
evidently a quarrel between the cartowners and warehouses, &c. It 
seemed almost incredible that the custom should have been tolerated 
of detaching the trailer and calling it a separate vehicle from the 
motor. 

Mr. Rathbone had disagreed with him as to the condition of the 
country roads, but he contended that they were not a whit better than 
they were formerly. The highest authorities were still quarrelling as 
to the best type, and meanwhile the state of the roads in the suburban 
areas of London were worse now than they were prior to the motor- 
traction era. As he thought had been stated in the paper, it was 
not the intention to send a big 15-ton vehicle out on to the 
main county roads. Such a vehicle would be limited to a certain 
area in Liverpool, which would be scheduled by permission of the 
local authorities, but there was no reason why, once the roads 
were in a suitable condition, they should not be used for such 
traffic. 

With regard to Mr. Rathmell’s question relative to the all-wheel 
drive and all-steering, he would prefer to supply him with a print 
rather than attempt to describe it. With the front wheel drive and 
steering, there was a little more difficulty in steering, but it was not 
very appreciable. 

Mr. Bogle had referred to a greater number of axles. Each 
trailer of the Renard train had three axles and six wheels, the object 
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being to damage the roads as little as possible, but there was no 
necessity whatever for any greater number of axles than two on even 
a 15 or 20-ton vehicle on the Liverpool dock roads. 


CORRESPONDENCE. 


Mr. JAMES WYLLIE regretted his absence from a discussion on a 
paper of such interest as that of Mr. Molyneux on “ Motor Transport 
*on Roads.” His experience was confined to thirteen years or so with 
steam motors on Liverpool streets and dock roads, with five different 
types of motors and an occasional trial of a petrol motor. Various 
makes of wheels and tyres had been tested but not rubber alone. 
Of tyres he could only echo another’s dictum, that for tyres to 
have a grip they must wear ; the hard non-wearing steel faces skidded 
badly any day, while the wood block tyres seldom skidded in any 
weather. 

Mr. Molyneux had suggested that loads carried now might well 
be increased. If this were done the idea of standardising for 
all purposes must be dropped and each wagon must be built for the 
special set of conditions under which it was to work, to suit the 
merchandise, the roads, the terminal entrances and exits and the 
class of labour handling the wagons and the goods. For instance, 
Mr. Wyllie considered that the most economical steamer was the one 
most unsuitable for their work. For carrying even 5-ton loads on steel 
tyres, he considered that the present construction of the streets 
ought to be altered to allow of a much deeper bed of concrete. It 
was common experience to see the paving absolutely good and yet 
being forced into waves and holes, due to concrete fracturing below. 

Horses would be used for some time yet, so that setts could not 
be removed from roads other than those quite level. A combination 
of granite chips and bitumen, now under test in one of the busiest 
streets of Manchester, might help to ease off these vibration and noise- 
creating setts from the main thoroughfares. Multiplying wheel tracks 
would be a great improvement provided foundations were better and 
there was less sand packing over concrete, to give all parts of the 
surface a chance to remain flush for the sake of cross traffic. 

Vibration had such destructive effects on the chassis and driving 
machinery that the attempts to reduce it had been very numerous ; 
makers unfortunately had been so busy that they had only time to 
solve the problem by adding dead weight everywhere, until the tare 
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weight for a 5-ton load was up to 64 tons on the hardy type that 
was Liverpool’s favourite. The adoption of rubber tyres, now being 
forced by law on commercial motors on the Continent, might save 
them from the present nerve-shattering machines, and allow a much 
lighter class of machinery on board. Pneumatic hubs had been 
tested and found most successful, the air cushion being equally 
effective on an empty as on a full wagon; the apparatus, however, 
was too expensive and upkeep troublesome. He wished to state 
further on the question of vibration, that knowing something of the 
extraordinary resilience of wood, he wondered why some genius did 
not look over his shoulders with some respect to the 6,000 years of 
experience of their cartwright friends, and utilise timber more in the 
framing of the heavy wagons. He did not understand that trade 
unionism would interfere in such a move. 

The increase of motor traffic was slow, owing to the small advantage 
gained, the actual cost per ton-mile being considerably above makers’ 
tables, and very little if at all below horse haulage, while the carter 
element in the Transport Union seemed to have been energetic in 
creating difficulties that touched wages, hours, allowances, non-inter- 
changeability of men and duties, badges, clothes, seats, &c., until 
one felt very friendly towards the “2 mile per hour 40 feet of 
“ platform and horse flesh," and its contemplative associate. It was 
to be hoped that their troubles belonged to the transition stage only. 

Mr. Molyneux had said a good word for electric vehicles, and 
Mr. Wyllie was glad of it. The idea was practical for such conditions 
as held good in many factories where the journeys were short and 
continuous. It was to be feared that they must have patience until 
inventors got down to mother earth and realised that standardising in 
this little island was not the first thing todo. The storage battery 
wagon gave the largest load platform of all, had no dust, smoke, and 
practically no smell, had simpler operating movements, so that the 
minimum of skill was needed, had a gliding movement in its change 
of speeds, so valuable in manceuvring, and should not cost more than 
a steam wagon. Of course the battery was a trouble and would 
remain so until prospective makers settled down to study local 
conditions, when convenient-sized batteries might be charged every 
journey if necessary. 

Much help could be given by the electrical authorities of the city 
providing sample vehicles in the employment of various depart- 
ments, and as central stations were ever on the look-out for more 
consumers, they had a right to expect such help. Development of 
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motor transport on the lines of the electric wagon would do much to 
postpone the day when widening the dock roads and spanning the 
Mersey would become imperative, and by making a better use of the 
roads they had a possibility so ably advocated by Mr. Molyneux. 

Mr. G. FAIRRIE regretted that he had not been able to be present 
at the discussion of Mr. Molyneux's paper. His firm had been 
running steam wagons on the docks of Liverpool for the past few 
years and had found them most successful. As far as their experience 
went he would like to see as big a load as possible carried, and did 
not doubt that some other form of tyre beyond the steel tyre would 
have to be used, as these slipped far too much, and indeed in skiddy 
weather they made manceuvring most difficult. 

He noted that Mr. Wyllie considered that his most economical 
steamer was the most unsuitable for his work. Mr. Fairrie understood 
by this that Mr. Wyllie meant that the wagon which ran with the 
least expense had the most unsuitable body for carrying his sugar, 
and for loading and lightening purposes. He also thought that the 
road would certainly have to be altered, and a much deeper bed of 
concrete put under the setts, and that, in fact, the day would come 
when setts would be dispensed with, and some form of macadam or 
asphalt, such as was used on the streets of London, would be 
universally employed, but that could not be until horses had 
disappeared, at any rate on the gradients. 

He certainly did not think that the increase of motor traffic was in 
any way slow, nor did he agree that there was a small advantage 
gained. However, everybody must state their own practical ex- 
perience. 

With reference to the electrical vehicle, this no doubt was a very 
pleasant proposition, and even if the batteries had to be charged up 
at every journey, it would certainly be very suitable for firms using 
wagons on short journeys, such as to and from the docks. This, 
however, would not be desirable where long country journeys had to 
be undertaken, as it would mean stopping frequently at generating 
stations to have the batteries re-charged. He was not aware, however, 
that there was any accumulator or battery at present existing which, 
weight for weight, and cost of maintenance taken into consideration, 
could compare with a petrol or steam motor as a means of propulsion 
for a commercial vehicle. 
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4th February, 1914. 
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The Discussion on Mr. T. Molyneuxs Paper on “ Motor 
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18th February, 1914. 
FRANCIS E. COOPER, Assoc. M. Inst. C.E., President, 
in the Chair. 


JOSEPH STAVELEY BOUMPHREY, JAMES TAYLOR MILTON and WILLIAM 
SIBUN were elected as Members; and Lieut. JAMES WHITLA GRACEY, 
R.N.R., as an Associate. 


“Some Dam Failures.” 
By J. R. Davinson, M. Sc. (Vzcf.), Assoc. M. Inst. C.E. 


Ir is equally true in engineering, as in any other branch of human 
knowledge, that experience to be complete must be won from failure 
as well as from success. 

The engineer may erect a structure which performs every function 
for which it is intended, and yet be so wasteful in design, or extravagant 
in execution, that experience based upon it is worthless, if not actually 
misleading. On the other hand, a proper understanding of the causes 
underlying failure leads to a true appreciation of the difficulties to be 
overcome and indicates the path leading to success. 

The hydraulic engineer entrusted with the construction of high 
dams to retain great heads of water realises that his work has to with- 
stand natural forces of the most searching character. 

Faults in design, material, or workmanship, receive scant con- 
sideration at the hands of water under high pressure, while the results 
of failure are so swift and terrible that the responsibility for the stability 
and permanence of the structure cannot be overstated. "Unfortunately 
many such disasters have occurred in the past, and the object of the 
present paper is to rehearse briefly the circumstances of a few failures 
of historical interest, each of which has been the cause of most serious 
loss of life and destruction to property. 

The author is well aware that there is little that is new in the 
narratives of the particular failures selected, but he ventures to hope 
that, by bringing together the evidence available in various official 
reports. and published accounts as to the cause of failure in dams of 
different types, certain broad lessons may be usefully deduced. 

12 
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An examination of a large number of failures leads to the conclusion 
that unsound foundations have been the most fertile source of disaster 
to masonry and concrete dams, while in the case of earthen embank- 
ments, either inadequate provision for dealing with floods or faulty 
arrangements for drawing off water have been chiefly responsible for 
failure. 

Two of the three masonry or concrete dams to be considered 
failed, in quite different ways, through faulty foundations. The third 
is a case of pure overturning, which is unusual but none the less 
instructive. The remaining examples are two earth banks which 
illustrate each of the above-mentioned causes of failure. 

The author had originally intended to take a sixth case of a ferro- 
concrete dam which failed by reason of uplift under the base, but as 
the paper was already overlong this has been omitted and the moral it 
was intended to point has been drawn from the evidences of secondary 
failure found in one of the other instances. 


THE PUENTES DAM. 


The Puentes Dam is interesting not only on account of the lesson 
furnished by its failure, but also as an example of the magnificent 
but almost forgotten achievements of Spain in constructional 
engineering. From the period of occupation by the Moors very 
considerable works for irrigation purposes had been in successful 
operation in the Southern Provinces of Spain. Later, the Spanish 
engineers advanced to the construction of impounding reservoirs for 
the utilisation of flood waters in the dry seasons. These reservoirs 
were formed by masonry dams of the most massive character, thrown 
across the rocky gorges of the mountain streams. y 

The first of these great walls was that of Almanza, which had a 
total height of 68 feet. The date of its construction is unknown, 
but records show that it was in service in 1586, and it appears 
probable that at least the lower portion of the structure goes back to 
earlier times. Belonging to the same period are the monumental 
works of Alicante (140 feet) and Elche (76 feet), which were con- 
structed at the end of the sixteenth century. All these dams were 
wholly founded on solid rock, and exhibited the same general features 
in design. | 

After an interval of nearly 200 years, an extensive scheme for the 
irrigation of the district of Lorca, one of the most important towns of 
Murcia, was authorised by decree of Charles III, dated 11th February, 
1785. This project was carried out at the cost of the public funds, 


DAVIDSON ON SOME DAM FAILURES. 179 


and included the construction of two immense stone dams, which 
were commenced in 1785 and completed in 1791. Of these the 
Val de Infierno dam, 116:5 feet high, was constructed on the Luchena, 
a tributary stream of the river Guadalantin. 

The second, the Puentes dam, was situated on the last named 
river, just below the junction of the Velez, Turrilla and Luchena 
streams, about 6 miles above the town of Lorca. This remarkable 
structure was considerably higher than any of the earlier Spanish 
dams, being 164 feet from foundation to crown. The wall was built 
of rubble masonry, faced on both sides with magnificent ashlar and 
surmounted by an imposing parapet wall. 
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Fic. 1. 
Typical Cross Section of Dam showing piled foundation and apron. 


In the plan the outline was polygonal, convex face upstream, with 
a total developed length at top level of 925 feet. The inner face was 
vertical, the back of the wall being battered so that the top width of 
95:8 feet increased to 151 feet at the base, with four broad terraces 
on the upper portion. A boldly moulded string course enhanced the 
fine appearance of the exposed face. 

Two separate water intakes were provided. These consisted of 
vertical shafts formed in the body of the dam close to the water face. 
One of these ran from top to bottom of the structure, terminating in 
a horizontal culvert 5°45 feet wide by 6°40 feet high, which passed 
through the wall to the down stream edge. The other shaft formed 
a high level draw off, similarly discharging into a second gallery 
which emerged on the outer face of the dam 100 feet below the crest. 
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The water drawn off was regulated by bronze shutters sliding in verti- 
cal grooves and actuated by rack and pinion gear, fixed at the down 
stream end of the discharge culverts. 

The vertical intake shafts were each 13:8 feet by 82 feet, the side 
towards the reservoir being arched outwards and pierced by a series 
of small loopholes or rectangular openings arranged in sets of three at 
vertical intervals of 2°72 feet. These openings were 0°92 feet wide, 
by 1:80 feet high, and were intended to be sufficiently small to prevent 
the.entrance of any floating debris with the water. 

According to M. Maurice Aymard, the author of an interesting 
report on the Spanish irrigation works from which the constructional 
details quoted in this narrative are chiefly taken, it was found in 
practice that the openings were too large. * 

Special reference must be made to the sluice or scour culvert, a 
feature common to all the older Spanish dams. The swift flowing 
mountain streams on which these walls were constructed carried down 
large quantities of sand and gravel in times of flood. This material 
rapidly silted up the reservoirs, making it necessary to carry out 
periodic sluicing. 

The scour culvert was 22 feet wide by 24:6 feet high, and passed 
through the centre of the dam from front to rear at the level of the 
original bed of the stream. Near the entrance it was divided by a 
central pier of masonry to reduce the size of the stout timber bulkhead 
which sealed the culvert. | 

At the site selected for the dam the sides of the ravine were of 
hard rock, but unfortunately this dipped down abruptly in the centre, 
the bed of the stream consisting of sand and gravel. 

The work was designed on the assumption that it would be wholly 
founded on the rock, as it was thought it would be possible to 
excavate through the alluvial deposit. The pumping power available 
proved insufficient to deal with the water flowing from the gravel, and 
a bore hole was put down to a depth of 24:6 feet without touching 
the rock. It was then decided to carry the dam across the fault on a 
pile foundation. Piles 22 feet in length were driven in sets of five, 
tied together by half-timbers. The heads of the piles projected above 
the horizontals and were buried in the masonry of the foundation, 
which was carried down 7:38 feet into the gravel. 

To protect the bed of the stream immediately below the dam 
from scour, the piling was continued for a further length of 131 feet. 


* Irrigations du Midi de l'Espagne par M. Aymard, Paris, 1864. 
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Here a masonry apron 7:38 feet thick was built round the upper 
portion of the piles and this was sheeted over with a timber decking 
spiked to the pile heads. 

The dam continued in service from 1791 to 1802, during which 
time the water in the reservoir did not rise to more than half its full 
height. In the spring of the latter year the water level gradually rose, 
until on 30th April, when it had reached a height of 154 feet, the 
foundation of the wall suddenly gave way and the central portion of 
the structure collapsed. 

The following account of the destruction of the dam is recorded 
by a Spanish author.* The translation has been kept as literal as 
possible, in order to preserve the actual impressions of the eyewitness. 

* About half-past two of the afternoon of 30th April, 1802, it was 
* noticed that at the side of the down stream edge of the dam, near the 
* timber decking intended to receive the stream when the outlets were 
* open, a large quantity of water was boiling up, showing itself in the 
* form of palms and having an exceedingly red colour. Warning was 
* sent at once to the director of works, D. Antonio Robles. 

“Towards three o'clock an explosion occurred in the shaft, which 
“ran from top to bottom of the dam, and at the same moment the 
* water which was escaping at the down stream side underneath the 
*foundations increased in volume. Shortly afterwards a second 
* explosion was heard which made all the surrounding ground tremble, 
*and enveloped in an enormous mass of water, the piles, walings 
* and other pieces of timber which composed the piling of the founda- 
* tjons were seen to rise suddenly as did also the decking just below. 
“ Immediately afterwards another explosion happened ; the two great 
*gates which closed the entrance to the sluice culvert collapsed, 
* together with the intermediate pier which supported them, and at the 
*same instant a mountain of water escaped in the form of an arch, 
“ frightful to behold, and of which the colour was as red as fire, either 
* on account of the mud with which it was charged or because of the 
*reflection of the sun. The volume of the water which burst out 
* was so considerable that the reservoir was emptied in the space of 
* an hour. 

“ The flood arrived at Lorca before the messenger sent to acquaint 
“the director of the first incidents. Overtaken by it this man was 
* obliged to save himself on the neighbouring mountain. The dam 
* presented after its rupture, the form of a bridge, of which the abut- 


* Historia de los riegos de Lorca, por D. J. Musso y Fontes : Murcia, 1847. 
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* ments were those portions of the work founded on the hills at the 
* side and of which the opening was 55°76 feet wide by 108:24 feet 
“high. At the moment of the accident the effective height of water 
* was 109:55 feet. The water level against the reservoir wall was 
*153:5 feet above the base; the difference, being 43°95 feet, was 
* occupied by the mud." 

Although this account does not appear to have been written by a 
trained observer, it points clearly to the manner of the actual failure. 
The fact that the dam remained in service for eleven years proves 
that the foundation was sufficient for moderate heads. Water 
percolating through the permeable stratum under the dam and the 
heavy masonry apron, encountered sufficient frictional resistance to 
prevent erosion of the alluvial deposit. With an increased head and 
consequent increased velocity, erosion set in, as is plainly indicated 
by the note as to the discolouration of the water. This action rapidly 
increased until complete “ piping " was established. 

The large sluice gallery and low level draw-off culvert passing 
through the base of the dam greatly weakened that portion of the 
structure, and here some part of the masonry foundation near the 
water face appears to have first given way. 

The stone apron with its supporting timber work was not sufficiently 
heavy to resist the full pressure of the water and was blown up, while 
the failure of the floor of the sluice culvert, with the intermediate pier 
and timber doors at its mouth, finally gave free vent to the escaping 
flood. The collapse of the central portion of the dam, thus left 
unsupported, was merely an after effect of the true failure. 


THE BouzkEsv Dam. 


The Bouzey Dam near Epinal on the river Aviere, one of the 
lesser tributaries of the Moselle, was built by the State to form a large 
reservoir for the supply of water to the summit reaches of the Eastern 
Canal of France. For a few years before the construction of this 
reservoir, the French engineers had been successfully building high 
masonry dams in which the sole condition of stability considered was 
the limitation of the maximum compressive stresses under different 
conditions. 

This governing condition was based on the behaviour of the old 
Spanish dams, the upper portions of which were usually of very heavy 
section, thus causing high pressures at the base. In fact, some of 
these old walls had failed by crushing, not being able to sustain their 
own weight. 
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The dam necessary at Bouzey was considerably longer than the 
earlier French dams, but of no great height. It was decided to 
construct it of masonry ; the profile was approved by the Council of 
the Ponts et Chaussées, subject to the condition that it was not to be 
raised to its full height at once, and work was commenced in 1878. 
The section satisfied the conditions as to intensity of pressure previously 
adopted by the French engineers, and in theory offered equal 
resistance to crushing at all horizontal sections. 

No attention appears to have been paid to an extremely able 
report of Professor Rankine, who, in 1872, had pointed out that a 
dam might fulfil these conditions of maximum pressure and still be 
unsafe owing to the existence of dangerous tensile stresses in the 
masonry. * 

The dam was straight in plan and 1,700 feet in length. The 
reservoir capacity was 1,540 million gallons, with a top water area 
of 316 acres. 

The crest of the wall was 51 feet above the bed of the stream, 
the maximum height from overflow level to base being 72} feet. 
The foundation was on the new red sandstone, which at the site was 
much fissured and open jointed with some thin clay joints. No 
attempt was made to found the work on solid and impermeable rock, 
only sufficient material being excavated to secure a bottom able to 
sustain the weight of the dam. 


* Miscellaneous Scientific Papers, London, 1881; also in 
“The Engineer," 5th January, 1872. 
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To prevent the passage of water beneath the base, a cut-off wall 
64 feet thick was carried down under the heel of the dam to 
unfissured rock. The masonry was composed of the local sandstone 
set in hydraulic lime mortar. The stone was light, about 130 lbs. 
to the cubic foot, and could not be quarried in large blocks. The 
average specific gravity of the masonry was probably about 2°0, or 
125 lbs. per cubic foot. The vertical inner face of the wall was 
rendered with cement mortar 14 inches thick. The dam was com- 
pleted in 1880, and on the representation of the engineers in charge 
as to the largely increased storage to be gained, was carried up to its 
full height before water was impounded. Two contraction cracks 
appeared in the structure in the winter of 1880-1881. These passed 
vertically through the body of the wall 270 feet apart. 

The filling of the reservoir commenced at the end of 1881, the 
water being allowed to rise slowly. When it reached 31 feet 6 inches 
below overflow, springs appeared below the dam, the flow from which 
was 2 cubic feet per second. In December, 1882, the two vertical 
cracks noticed in the previous year, and which had closed up during 
the summer, reappeared, while the flow from the springs increased to 
2°6 cubic feet per second. 

The water was still allowed to rise slowly until it was 8 feet 
6 inches below overflow, when on 14th March, 1884, a length of 
444 feet of the dam slid bodily forward on its base. The length 
affected did not part company with the remainder of the wall, but 
assumed a curved shape concave towards the water, the versine at 
the point of maximum movement being slightly over 13 inches. 
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Vertical cracks appeared on the inner face at each end, and on the 
outer face at the centre of the displaced portion. The flow from 
the springs increased to 8:1 cubic feet per second. Water was 
maintained in the reservoir at the same level, no further change 
taking place for 12 months, when the reservoir was emptied and a 
thorough examination made. It was found that the displaced 
portion of the dam had sheared off from the guard wall, and that the 
rock under the base was much disturbed. 


Fic. 4. 


A special Committee of the Ponts et Chaussées recommended 
that a strong buttress founded on solid rock should be built against, 
and toothed into the outer face of the dam, and that the guard wall 
should be fortified by a block of masonry covered by a thick blanket 
of puddled clay. . An attempt was made to fill the cracks in the body 
of the dam by caulking the face with yarn and running cement grout 
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into the crevices. Subsequent events showed that this portion of the 
work was not successful. These repairs were carried out in 1888 
and 1889, and it is noteworthy that the additional conditions of 
stability enunciated by Professor Rankine still escaped attention, 
probably because the partial failure experienced was not attributable 
to tensile stresses. Water was again impounded, and the level 
gradually rose until it reached overflow in May, 1890. The springs 
below the dam had reappeared, and were gauged at 2°8 cubic feet per 
second. The reservoir continued in use for five years, the height of 
water fluctuating between overflow and 17 feet below this level. No 
further movement of the dam took place, while the discharge from 
the springs only varied with changes of water level. 

Early on the morning of 27th April, 1895, the water being 
34 inches below overflow, a huge block of masonry, 594 feet in length 
and 32 feet deep, was suddenly torn out of the central portion of the 
dam and hurled down stream. The top of the counterfort, added in 
1888-89, marked the horizontal plane of rupture, while transversely 
the fracture was level for 12 feet, then dipping slightly downwards to 
the outer face. 
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Although the greater portion of the masonry displaced in 1884 was 
now overturned, the end planes of fracture were well clear of the old 
cracks, which had marked the points of horizontal flexure. This 
failure was investigated by a special Commission of the Ponts et 
Chaussées. 

Their report, from which the bulk of this narrative is taken, states 
that although the masonry of which the dam was composed was light 
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and not of a high class, it was sufficiently good to have sustained the 
actual pressures imposed upon it. An examination of the line of 
resistance with the reservoir full, shows that although the maximum 
compressive stress on any horizontal plane did not exceed 4°7 tons 
per square foot, the resultant pressure on the actual plane of fracture 
passed within 3:6 feet of the outside face of the dam. The width of 
the wallat this level was 17:4 feet, and at no other point does the 
line of thrust lie outside the middle third to such an extent. It is 
obvious, that on the usual assumption of the variation of stress over 
the section being uniform, a considerable tension must have existed 
at the inner face at the plane of fracture. A diagram of the stresses 
on this horizontal section with the .dam intact gives‘a maximum 
vertical pressure of 4:68 tons per square foot, and a maxifnum tension 
of 1:30 tons per square foot, the line of stresses cutting the horizontal 
6:6 feet away from the inner face, that being consequently the point 
of no stress. 


Fic. 7. 


It so happened that during the winter of 1879-80, while the dam 
was under construction, work was suspended when it had reached a 
height of 314 feet below overflow. In the following spring, before 
building restarted, the top surface of the masonry was cut away for 
18 inches, so as to remove any portion damaged by frost. In spite 
of this precaution it is certain that a satisfactory junction was not 
made with the old masonry. The stone was soft and small, and no 
proper bond was effected between the old and the new work. Thus, 
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at the very point where tensional stresses were eventually imposed on 
the structure, there was little more to resist them than the tensile 
strength possessed by a weak mortar. 

Professor Unwin has explained in a most interesting way the 
probable progress of events which led to the final failure. * 

At one or more of the weakest points where tensile stresses 
existed, horizontal cracks would open out on the inner face of the 
dam. These admitted water pressure into the body of the dam, at 
once augmenting the forces which had caused the fissures. These 
cracks would tend to open and close with alterations in the water 
level during the five years the dam was in service, gradually extending 
horizontally into and along the structure, until at length the uplifting 
force was sufficient to shear through the end vertical planes and over- 
turn the huge block of masonry between them. 


THE DALE DYKE or BRADFIELD Dam. 


The Dale Dyke or Bradfield reservoir was one of the group of 
impounding reservoirs constructed by the Sheffield Water Company 
on the high upland area to the West and North-West of the town of 
Sheffield on various tributaries of the river Don. The reservoir was 
formed by the construction of an earthen embankment across the 
valley of the Dale Dyke Brook, immediately above the village of 
Bradfield, and about eight miles from Sheffield. The embankment 
was of considerable size—length, 1,254 feet ; maximum height, 95 feet ; 
width at top bank, 12 feet; and a slope on both sides of 24 to 1, 
which gave a width of 500 feet at the base. The capacity of the 
reservoir was nearly 700 million gallons, and the area at top water 
surface, 78 acres. 

The general principles of the design were those usual in British 
practice, a vertical central core of puddled clay being carried down 
below ground to a watertight stratum, and supported above ground by 
the two triangular sections of filled embankment. Two 18-inch draw- 
off pipes were laid under the bank, while the byewash, with a semi- 
circular sill 64 feet in length and 5 feet below top bank, was excavated 
in the solid ground at one end of the dam. 

The catchment area was 4,300 acres. ‘The construction of the 
embankment was commenced in 1859 by contract, and early in the 
Spring of 1864 was so far advanced that the valves were closed and 
water impounded. By 10th March, the water in the reservoir was 


* Proc. Inst. C. E. Vol. CXXVI, page 93. 
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within 2 feet 3 inches of its full height. The following day, 11th 
March, was very stormy, and the Water Company’s resident engineer 
journeyed out specially to note the behaviour of his new bank. The 
water level was then 1 foot 3 inches below overflow, and owing to the 
heavy wind blowing down the reservoir, waves were washing well up 


Maximum Cross Section of Embankment. 
Cross Section of Embankment on Line of Outlet Pipes. 
Fic. 8. | 


the inner slope. Satisfied with appearances, he returned to Sheffield 
at 4 p.m. About 14 hours later, a workman crossing the dam noticed 
a narrow crack some 12 feet down the outer slope, running parallel to 
the line of the embankment for about 50 yards. Shortly after this the 
valves on both outlet pipes were opened, and a mounted messenger was 
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sent to recall the engineer. He returned to Bradfield between 8 and 
9 p.m., and promptly decided to relieve the bank by blowing up the 
top stones of the byewash. It was then evidently thought that the 
fault was nothing more than a surface crack, as its position on the 
outer slope corresponded with the level of the water on the inner 
slope. 

Giving evidence at the Inquiry which followed the disaster, the 
engineer stated :—'* After setting the men to work I said to the foreman, 
** * We will go carefully over the crack and examine it again.’ We did 
*so, measuring from the top of the embankment to the crack to see 
* whether the crack was above or below the surface of water in the 
“reservoir. We walked carefully over the crack, I stooping with a 
“lantern to examine it. All seemed to be right, just as when we walked 
* over it half-an-hour before. When I got to the end of the crack I 
“straightened my back. The moment I stood up I saw that the water 
“ was foaming like a white sheet over the embankment. It came down 
“to my feet and dropped down the crack. I crept down the slope of 
“the embankment and got into the valve house. I turned round and 
* came out ; I cast my eyes up and saw an opening 30 feet wide in the 
“top of the embankment like a weir.” At this moment the charge 
laid for blowing up the byewash exploded, but the bank was doomed, 
and a huge gap 110 yards wide at the top was rapidly cut down to 
ground level by the escaping flood, about one-quarter of the whole 
embankment being washed away. ‘This was about 11-30 p.m. 

In investigating the cause of this failure it is necessary to 
review the whole circumstances of the construction of the bank, for 
although one detail of the design has with good reason generally 
been held responsible, several other factors probably had considerable 
influence. 

The sinking of the puddle trench proved to be a lengthy and 
costly operation. It was excavated in the millstone grit rock, the 
layers of which alternated with narrow bands of shale. As is so often 
the case in this formation the rock was open jointed and made large 
quantities of water. Ata maximum depth of 60 feet, a bottom said 
to be watertight was reached. The trench was then filled with clay 
puddle, no concrete being used or any other special treatment adopted 
to deal with the large flow of water from the upstream side of the 
trench. 

There is certain evidence that the puddle trench was watertight, 
for when it was filled to ground level, springs appeared along the line 
of a fault crossing the valley a short distance above the trench. The 
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embankment was formed of material excavated on the site of the 
reservoir. Up to a height of 50 feet the outer portion was composed 
of large sized stones and rubble, while on the reservoir side of the 
puddle wall the more retentive spoil was utilised. Above this level 
the embankment on both sides was chiefly composed of rubble and 
similar material with no pretence to water-tightness. 

It may at once be allowed that no exception can be taken to the 
placing of material through which water could rapidly find its way, in 
the lower portion of the outer angle of the bank, but the use of such 
material on the water side of the puddle wall cannot be defended. 
Further, instead of being carried up uniformly in thin layers each 
thoroughly consolidated, the bank was formed by tipping from wagons, 
the height of the tips being as much as 6 to 9 feet. The puddle wall, 
which was 4 feet thick at top bank, increasing with an equal batter on 
each side to a bottom width of 16 feet at its greatest height of 95 feet, 
appears to have been carefully constructed. 

In an embankment so loosely formed, considerable settlement, 
probably varying in extent at different points, is bound to occur, and 
when it is remembered that the puddle wall was but a thin watertight 
curtain entirely dependent for its stability upon the support of the 
adjoining portions of the bank, the danger of such settlement will be 
obvious. Again, the open nature of the inner portion of the bank 
would result in the full water pressure being brought directly on to 
the face of the puddle wall. 

Apart, however, from these faulty methods of construction, there 
was one detail of the design which was still more open to criticism. 
This was the laying of the two 18-inch outlet pipes through the 
embankment. ' 

A trench 9 feet 6 inches wide and 7 feet 6 inches deep, was 
excavated obliquely to the line of the bank, in which the pipes were 
laid naked 2 feet 6 inches apart, with a 1 foot 6 inches of puddle above 
and below. The pipes were spigot and socket cast-iron pipes of heavy 
section, with lead joints every 9 feet. No puddle collars were fixed to, 
or cast on, the pipes, the faces of the sockets alone tending to arrest 
the creeping of water along the outside of the pipes. The pipe trench 
itself was of uniform width with no provision for breaking joint. The 
main puddle trench was 30 feet deep at its intersection with the line 
of the pipes, and as it was realised that any settlement of the puddle 
in the trench would form a cavity under the pipes, leaving them 
unsupported across the width of the trench, the curious device was 
adopted of sloping the bottom of the pipe trench for a length of 100 
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feet on each side of the centre, from the ordinary depth down to that 
of the puddle trench. 

It was thought that by distributing the settlement over a long 
length, the pipes would accommodate themselves to the new line 
without fracture, but no regard was paid to the fact that the extra 
depth of puddle below the pipes increased the tendency to settle at 
the very point where the load, due to the superincumbent embankment, 
was a maximum. The controlling valves, in duplicate, were fixed 
outside the embankment, where, when closed, they must have exerted 
a considerable draw on the joints of the nearest pipes. Further, with 
the valves in this position, it was impossible to gain access to the pipes 
for examination or repair, without emptying the reservoir. 

The exact sequence of events leading up to the ultimate failure is 
unknown. The escaping water caused such damage that it was im- 
possible to determine that done before the bank was ruptured. 
Without doubt the outlet pipes settled in the centre of the bank, owing 
to the increased load and reduced sustaining power at that point, thus 
leaving a space between the top of the pipes and the clay of the puddle 
wall which would arch itself across the pipe trench. Whether water 
from the reservoir passed through the porous bank and down the face of 
the puddle wall, or crept along the pipes or the sides of the pipe trench, 
is uncertain. Quite possibly the pipes were fractured or a joint drawn, 
certainly the pipes were found broken after the disaster. In one or 
more of these ways water under high pressure perforated the puddle 
wall at the line of the pipe trench. Once this occurred, material 
would be quickly eroded from the inner portion of the bank, causing 
settlement immediately above the fault. As the supporting material 
on the inner face subsided, the puddle wall would draw away from 
the outer half of the bank, thus producing the crack which was the 
first visible sign that anything was wrong. 

The description by the resident engineer of the final stages of the 
destruction of the embankment proves that a short length of the 
puddle wall rapidly sank and tilted inwards, until it was so low that 
the water in the reservoir poured over it as over a bulkhead. 


SourH Fork DaM, PENNSYLVANIA, U.S.A. 


The South Fork reservoir was constructed by the Commonwealth of 
Pennsylvania as a feeder to the State canal, connecting the towns 
of Pittsburgh and Johnstown. It was situated on the South branch 
of the Little Conemaugh river, a few miles above Johnstown, a name 
usually associated with the disaster caused by the failure of the 
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dam. Surveys were first made in 1834 and 1835, but it was not until 
1839 that the plans and specifications were prepared, the contract 
being entered into early in the following year, when work was started. 
The period of construction was greatly prolonged by financial 
difficulties, owing to which operations were entirely suspended from 
1841 to 1851. The work was finally completed early in 1853. The 
embankment was of earth, 72 feet in height, with inner and outer 
slopes of 2: 1 and 14: 1 respectively. The outer angle of the bank 
was composed entirely of stone, with large blocks at the toe. Gravel 
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Typical Cross Section of Embankment. 
Cross Section through Line of Draw-off Culvert. 
Fic. 9. 
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was placed in the heart of the dam, while the inner portion was made 
of selected watertight material well rolled and consolidated. The 
top of the bank was 10 feet wide and was carried up 10 feet above 
overflow level. Water was drawn off by five parallel lines of 24-inch 
pipes, controlled by valves fixed on the inlets, discharging into a 
masonry culvert which ran under the centre of the dam. 

After the reservoir had been brought into use, leakages occurred 
along the outlet pipes. These increased in volume, until in July, 1862, 
the upper end of the culvert and part of the embankment was washed 
out. The reservoir remained derelict until 1880, when the property 
was acquired by a local sporting club for fishing purposes. The breach 
in the dam was repaired, the outlet pipes and culvert being done 
away with. At the same time the top of the bank was lowered 2 feet, 
to provide an improved roadway. The watershed contributing to the 
reservoir was very considerable, over 31,000 acres, and of such a 
character as to give a large and rapid run off. The original speci- 
fication had provided that—‘‘a waste or waterway will be excavated 
“at one or both ends of the dam, for the discharge of surplus water 
“in time of floods, the aggregate width of channels will not be less 
“than 150 feet" As actually carried out, only one channel was 
constructed. This was 120 feet in width at entry, but at the outfall, 
176 feet away from the entrance, narrowed to 70 feet. The floor of 
this byewash being level between entrance and outfall, the effective 
width was only 70 feet. Subsequently the club reduced the capacity 
of the byewash by fixing gratings and screens on the entrance sill to 
prevent the escape of fish. When it is remembered that the outlet 
pipes had been removed and the bank cut down 2 feet, it will be 
realised how seriously the provision made in the original design for 
dealing witb heavy floods had been discounted. 

On 30th and 31st May, 1889, heavy and continuous rain fell on 
the South Fork area. No rainfall figures on the actual catchment 
area are available, but at one adjacent station a fall of 8:37 inches 
was recorded between 11-40 p.m. of the 30th and 11-20 p.m. of the 
3lst May, and of this 6 inches fell in seven hours. An examination 
of the returns from 15 stations within a radius of 50 miles of the 
centre of the watershed, shows that probably from 6 to 8 inches of 
rain fell on the South Fork area on the two days in question, and 
during the night of 30th and 31st May, it fell at the rate of two-thirds 
of an inch per hour for several hours. By 6-30 a.m. on the 31st, the 
reservoir had risen 2 feet above overflow, and as it continued to rise 
rapidly it was soon evident that the dam was in imminent danger of 
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being overtopped. Workmen were hurriedly set to work to cut a 
channel through the solid ground at the end of the dam to form an. 
emergency byewash, while a furrow was ploughed along the top of 
the bank so as to gain a few inches of additional height. In spite of 
these efforts, water commenced to pass over the embankment at 
11-30 a.m., and increased in volume, until it was flowing over 
practically the whole length to a depth of 9 to 12 inches. For some 
time the heavy stone pitching on the outer slope prevented the 
erosion of the softer material, but gradually this was worn away. 

A civil engineer who was present writes:—'' The water on the 
* breast had washed away several large stones on the outer face, and 
*had cuta hole about 10 feet wide on the face and about 4 feet 
“deep, the water running into this hole cut away the breast in the 
“form of a step both horizontally and vertically, and this action went 
* on widening and deepening this hole, until it was worn so near the 
* body of the water in the lake that the pressure of the water broke 
* through, and then the water rushed through this trough, and cut its 
* way rapidly into the dam at each side and the bottom, and this 
“ continued until the lake was drained." * 

The dam was ruptured about 3 p.m., and within 45 minutes the 
whole of the impounded water had poured through the gap, cutting 
down the bank from top to bottom. The breach was 420 feet wide at 
top bank, narrowing to a minimum of 50 feet at ground level. That 
portion of the embankment which had been reconstructed in 1880 
disappeared entirely, while the adjoining portions of the original work 
were considerably eroded ; the total quantity of material removed being 
90,000 cubic yards. The sections of the bank exposed by the wash- 
out showed that it had been solidly and substantially built in thin 
layers of suitable material, a fact which is also testified by the praise- 
worthy manner in which the bank sustained the overflow of a con- 
siderable depth of water for 34 hours. | 

A Committee was appointed by the American Society of Civil 
Engineers to investigate the cause of the failure. Their report states 
that the maximum discharge of the watershed on 31st May, was 
about 10,000 cubic feet per second, and probably this rate was attained 
a few hours after the failure of the dam. 

Had the byewash been constructed of the width originally 
specified, and the five outlet pipes been in action, this rate of 
discharge would have filled the byewash to a depth of about 7 feet 
6 inches, thus leaving a freeboard of 2 feet 6 inches to original top 


* Trans. Am. Soc. C.E., Vol. XXIV., page 418. 
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bank. In the opinion of the Committee the utmost capacity of the 
byewash, as actually constructed, was not more than 4,500 cubic feet 
per second when running full, and this was the sole provision for 
dealing with flood water. Itis seldom that the cause of failure stands 
out, so clearly, unobscured by other contributing factors, as in this 
case. 

Consider only two figures:—(1) Catchment area 31,000 acres ; 
(2) Maximum quantity which could safely be passed to waste, 4,500 
cubic feet per second. This means that with the reservoir full the 
maximum run-off, extending over more than a brief period, which 
could be dealt with, was less than 150 cubic feet per second per 
1,000 acres. Converted into rainfall this was equivalent to 0:15 inches 
of rain per hour. 

While it is true that on such an extensive catchment area as that 
at South Fork, the intensity of flood discharge is less than that from 
a small gathering ground, it is obvious that the provision made for 
dealing with floods was quite inadequate, and that throughout the 
whole period of its life the reservoir had been at the mercy of the first 
heavy flood that found it full. 


THE AUSTIN DAM. 


The Austin Dam was built by a private company operating a paper 
mill in the small town of Austin, Pennyslvania, U.S.A. It was con- 
structed across a narrow steep-sided valley, through which a stream 
flows known as Freeman’s Run. 

The dam was built of concrete and had an overall length of 
544 feet, with a maximum height of 444 feet above ground, and 
53 feet above foundation level. The cross section was approximately 
triangular, the inner face being vertical, while the upper 10 feet of the 
outer slope was considerably steeper than the lower portion. The 
width at the crest was only 2 feet 6 inches, and the maximum at base 
30 feet. A spillway or waste weir 50 feet in length was formed near 
the centre, the crest of this being 2 feet 6 inches below that of the 
remainder of the dam. Water was drawn off by an 18-inch pipe for 
mill purposes from a chamber formed in the body of the dam, on the 
upstream face at the centre of the spillway. No change was made in 
the profile of the dam at the spillway, which was consequently 
ill suited to act as an overflow weir. At the foot of the spillway a 
concrete wall, 10 feet thick and 7 feet deep, was built against the toe 
of the dam. This was continued outwards for another 10 feet as an 
apron 3 to 4 feet thick. 
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The reservoir formed by the dam was comparatively small, being 
4-mile in length and containing about 170 million gallons. The dam ` 
was founded throughout its whole length on sandstone rock, which 
lay 5 to 8 feet below the surface. This rock was laminated horizontally 
with bands of shale and clay between the layers of sound rock, which 
were 2 to 4 feet thick. All unsound rock was removed before being 
built on, while a cut-off wall 4 feet thick and 2 to 4 feet deep, was 
worked in under the heel of the dam. It was believed that the 
rock on which the wall was built was impervious, but as an additional 
safeguard, a low earth embankment was placed against the inner face 
of the dam, being carried up 10 feet above ground level. In front of 
the outlet chamber this protective shield was omitted, wing walls 
being run out at right angles to the face of the wall to sustain the ends 
of the earthwork. Additional strength was provided by ll-inch steel 
bars, 25 feet long, grouted into holes 5 to 8 feet deep drilled in the 
rock every 2 feet 8 inches, and built into the dam close to the water 
face, while the upper portion of the wall was reinforced by horizontal 
and vertical rods of smaller section. The concrete was composed of 


Typical Cross Section of Dam. 
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l part of Portland cement to 3 of sand and 6 of broken stone, and 
` appears to have been of fairly good quality. Plums from 4 to 2 cubic 
yards in size were built into the body of the dam. Many of these 
stones appear to have been ofa soft or slatey nature, which would 
offer little resistance in one direction to shearing stresses. 

Work was started in May, 1909, and completed at the beginning 
of December of the same year. Before water was impounded, two 
contraction cracks passing vertically through the wall were noticed. 
These were approximately equidistant on each side of the spillway. 

Towards the end of January, 1910, a thaw set in and the reservoir 
filled up in three days, water first passing over the spillway on 21st 
January. On the following day water made its way round the Eastern 
end of the dam, causing a large slip on the hillside, and at the same 
time very considerable springs appeared immediately below the dam. 

On 23rd January a partial failure of the wall occurred, the central 
portion moving bodily downstream and tilting slightly outwards. The 
maximum movement was 18 inches at the base and 31 inches at the 
crest. A 36-inch diameter scour pipe, which had been built in the 
dam, had been capped up witha timber disc. This was hurriedly 
removed with the aid of dynamite, while a piece was blown out of the 
top of the wall by the same agency. These drastic measures rapidly 
emptied the reservoir, when it was found that a considerable portion 
of the embankment laid against the inner face had been washed away, 
some of the material passing under the dam, the remainder through 
the outlet pipe. 

Excavation revealed the fact that the rock foundation, to a depth 
of 6 feet, had moved bodily with the dam, having fractured vertically 
about 12 feet above the upstream face of the wall. Evidence was 
found that movement started at or near the intake, which was the 
weakest point in the dam, and where the absence of the embankment 
exposed the water face to the full hydrostatic pressure of 53 feet. 

It was evident that the action of water passing through the 
permeable strata under the dam had softened a thin seam of clay or 
shale in a horizontal joint, thus allowing one layer of rock to slide on 
that below. The two original thermal cracks opened considerably, 
one which formerly had been ;,-inch wide on the outside face now 
measured 4 inches, the other 24 inches across. Three or four fresh 
cleavages occurred at fairly regular intervals, the maximum width of 
parting being 44 inches. All these fractures passed through to the 
inner face where the two edges were pinched together. The circum- 
stances and features of this partial failure bear a striking likeness to 
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those which obtained in the case of the French masonry dam 
at Bouzey. 

In the present case, however, no steps were taken to strengthen 
the dam, although the engineer recommended that a heavy rock fill 
buttress should be built against the outer face and a new cut-off wall 
carried down to the solid rock in front of the inner heel. The outlet 
pipe was again capped up, and in a month’s time the level of water 
in the reservoir was within two feet of overflow. The leakage under 
the dam reappeared to the extent of about 500 gallons per minute. 
The dam remained in use in its shattered condition for about 17 
months, the level of water fluctuating from overflow to 27 feet down, 
until the afternoon of 30th September, 1911, when, with the reservoir 
full, complete failure of the wall suddenly occurred. With the exception 
of a short length at each end, which remained in the original alignment, 
the structure was completely destroyed. Roughly, it fractured into 
seven large blocks. The two centre fragments, which were the largest, 
were swung through an angle of six degrees and moved bodily down 
stream from 15 to 25 feet, still remaining upright on their bases. On 
each side of these a large gap was formed where portions of the dam 
had either overturned and been carried down stream for some distance, 
or turned through a considerable angle so as to be nearly end on to 
the flood. 


Elevation of Down-Stream Face after Initial Failure. 
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Elevation of Down-Stream Face after Final Failure. 
Fic. 11. 


There can be no doubt but that the final wreck of the dam was 
the natural sequence to the partial failure of the previous year, the 
separate portions of the crippled structure again sliding forward on 
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the insecure foundation. The uppermost strata of soft stone and 
shale on the down stream side were upfolded and puckered just as a 
cloth on a smooth table would be by the side pressure of a finger. It 
was probably the resistance of this material against the toe which had 
held up the dam after its early displacement until gradually loosened 
and eroded by the run of water under the foundations. There was, 
however, considerable evidence of a secondary cause of failure at the 
Western end of the wall. Here large pieces of concrete had been 
spelched off the outer toe in several places, showing that excessive 
compressive stresses had been imposed on the concrete. At this 
point also, the foundation was not disturbed, the dam having fractured 
at a horizontal construction joint 30 feet below the crest. The 
14-inch reinforcing rods had either broken with well-defined tensile 
fractures, or pulled out of the concrete. 

In considering this failure, the two separate and distinct effects of 
the leakage of water under the dam must be noted. In the first 
place the failure was mainly a sliding failure, due to the softened clay 
and shale in the horizontal joints of the rock acting as a lubricant. 
This so reduced the coefficient of friction between the stratum of rock 
keyed to the base of the dam and that immediately below it, that the 
beam action of the concrete wall was called upon to sustain the 
horizontal pressure of the water. 

The second effect of the percolation under the dam is indicated 
by the manner in which the toe at the Western end of the wall 
behaved. An upward pressure approximating to that due to the head 
of water in the reservoir was brought to bear on the base, thus 
virtually reducing the weight of the dam. The effect of this would 
be to throw the line of thrust further away from the middle third, and 
increase the intensity of pressure at the outer toe. 

A diagram of pressures plotted on the full section of the dam 
shows that on the moderate assumption of an upward pressure under 
the base equal to two-thirds of the static pressure due to the head at 
the upstream face, and decreasing uniformly to zero at the down 
stream face, the line of resultant thrust with the reservoir full cuts 
the base within three feet of the outer toe, i.e., no less than seven 
feet outside the middle third. 

Reviewing in turn the foregoing failures of high dams, the lessons 
to be learnt may be broadly summarised as follows :— 

(1) A gravity dam of masonry should be wholly founded on rock. 

(2) Tensions should be practically non-existent in a masonry 
dam. 
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(3) In an earth dam provide for settlement and prevent unequal 
settlement. 

(4) Make adequate provision for exceptional floods under all 
conditions. 

(5) In a masonry or concrete dam obtain a secure foundation and 
guard against uplift. 

These maxims at first sight appear so elementary as to be un- 
necessary, but it must be remembered that each of the appalling 
disasters following the failures recalled in this paper has been caused 
by the violation of one of these rules. 

Furthermore, such failures continue to occur with painful frequency. 
It is only within the last month that accounts have come to hand of 
the destruction of a fine ferro-concrete dam at Stoney River, West 
Virginia, U.S.A., owing to a blowout of the foundations, exactly as in 
the case of the old Spanish dam at Puentes more than a hundred 
years ago. 

A wealth of information is available in the records of past failures 
which will amply repay study and careful analysis. If the present 
paper in any way tends to emphasise the importance of taking 
advantage of this experience, its purpose has been achieved. 

During the reading of the Paper, the author briefly explained 
Fig. 12, which had been prepared to illustrate the effect of uplift on a 
reinforced concrete dam at Dansville, New York State, U.S.A. 

This dam was of the buttressed type with a sloping deck face, a 
continuous bottom slab 12 inches thick. 
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Two cut-off walls were worked in under the floor, the outer 
one being carried down to a greater depth than that at the up 
stream face. 

The structure was founded on good solid gravel. Complete 
failure occurred before the water rose to its full height, owing to the 
imprisonment by the rear cut-off wall of water percolating through 
the gravel under the floor of the dam. 


The Paper was illustrated by a large number of plans and views, 
some of which are reproduced in the text. 
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DISCUSSION. 


The PRESIDENT moved a vote of thanks to the author. 

Mr. FRANK E. PRIEST observed that he had not been able to 
make the only proper preparation for the discussion of a paper of 
the kind under consideration, i.e., the looking up of records and 
refreshing one’s memory on occurrences which, disastrous as they 
were to the responsible individuals and owners, were most valuable 
to the profession and to those bodies which, through the services of 
members of the profession, had to build similar works at a later date, 
although the paper appeared to point to the fact that failures did not 
always carry the lessons that they might be expected to do, since the 
experience of one failure was not always used to prevent accidents 
in subsequent undertakings. The thing that had impressed him 
during the reading of the paper was that the failures described became 
less excusable as the intervening periods elapsed. The most extra- 
ordinary failure of all was that shown in Fig. 10, which he supposed 
was the latest in date, having occurred only two years ago. Looking 
at it, one wondered that the dam ever stopped there at all. 

The AUTHOR then stated that it never did. 

Mr. PRIEST thought that it was not surprising, and one wondered 
what happened to the designer, because obviously, although the design 
suggested that it was done under the influence of modern practice, it 
was very extraordinary. Probably the only explanation was that one 
of those beings who called themselves “experts” designed the thing 
in reinforced concrete, which would comply with all the conditions 
which he manufactured for himself, and whose diagrams of forces 
were to his own satisfaction but not consistent with the conditions 
pertaining to the dam when built. It pointed to one of the influences 
of the modern habit of accepting contractors’ designs, a practice which 
had been prevalent in America for some time and which was not 
altogether unknown in this country, whereby a dealer approached the 
paying person and undertook to do all the work and prepare all the 
designs without charging for the latter. 

Professor E. W. MARCHANT said that the paper dealt with a 
subject about which he knew very little, but it dealt with it in a very 
scientific way. It was surprising at first sight to think that in a dam 
it was possible to get any appreciable tension. He had seen 
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experiments made by Mr. Wilson and Mr. Gore in London on the 
subject, in which they constructed a number of model dams from 
india-rubber and loaded them to represent the earth pressures and 
water pressures on the structures, and those experiments had proved 
quite clearly that the tension might be very considerable, as also had 
been shown by the author in his diagrams. 

There was one point of criticism he would like to make. He 
hoped that the figures given for width of dam would be altered, as it 
was not possible usually to state such quantities with a higher degree 
of accuracy than one per cent. 

Mr. W. BnoniE observed that the paper was full of valuable 
lessons, though probably few of those present would have occasion 
to apply them in actual work as the author had had, and would have 
to do. In connection with the Bouzey Dam failure, there appeared 
to him to be a very striking lesson to engineers in the matter of 
humility, and a warning against what might be called ** cock-sureness.” 
The Bouzey dam was designed and carried out with all the knowledge 
and resources of the highly trained engineering department of the 
country, and yet faults to which attention should have been paid had 
been overlooked, and the result was this serious failure. 

Mr. W. Mason, referring to the lessons which the author had 
broadly summarised at the end of the paper, and particularly to 
No. 2, viz, that “tensions should be practically non-existent in a 
* masonry dam," said that he could have understood if the maxim 
had read, “tensions should be non-existent in a masonry dam." 
That was perfectly definite, but he did not know what the meaning of 
* practically non-existent” was. The existence of a tension of 4 tons 
per square foot would be very important, but would it be right to 
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assume that tension of the amount of 1 ton per square foot should be 
treated as practically non-existent. He did not think this point was 
a mere quibble, because although a dam might be designed so that 
the line of resistance would pass nicely through the middle third, 
yet there was reason to believe from the experiments which Professor 
Marchant had already mentioned, that the dam would not be 
entirely without tensile stresses. Tension would exist, in all 
probability, between A and B as in Fig. 13, the direction of this 
stress being continuously parallel to the surface between these points. 
In the rubber models of Messrs. Wilson and Gore, strains were 
observed between A and B, whose maximum corresponded to some- 
thing like 4 tons per square foot in the actual dam in full service, the 
dam being designed on the middle third rule. It could not be said 
that theory indicated this; the theory of the masonry dam was not 


built upon very secure foundations. There was nothing very definite 


to go upon, and nothing like a rigorous theory could be built up on 
the rather meagre grounds available. - The evidence of the existence 
of tensile stress was experimental ; besides the results already referred 
to the experiments of Dr. Brightmore and Sir J. Ottley showed 
tensile stress in the foundations near to the up-stream face of the 
dam. Those tensions were not due merely to a sharp corner; they 
were no doubt due to the total forces acting necessarily on the 
structure. In view of the foregoing considerations he would like a 
little information as to what was to be understood from the second 
maxim which the author had laid down. 

Mr. H. N. GILEs, referring to the case of the Bradfield Dam, 
observed that it was stated that the first crack appeared 12 feet down 
the outer slope, and, further on in the paper, that the position of this 
crack corresponded with the level of the water on the inner slope at 
that time. It was also stated, however, that shortly before this the water 
was only 1 foot 3 inches below overflow and still rising, and it was 
mentioned that this overflow was 5 feet below Top Bank, so that 
apparently the water level was only about 6 feet below Top Bank 
when the crack appeared 12 feet below on the other side. These 
figures did not appear to agree very well. Then the author had said 
that when the outlet pipes settled a space was left between the top of 
the pipes and the puddle wall, which would arch itself over the 
trench. If this had actually happened would not the water have at 
once found its way through this opening? Probably the first sign 
of a crack would have been on the outer face immediately above 
these pipes, but this did not happen. It would seem therefore just 
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possible that when the pipes settled the puddle wall for a short length 
immediately above settled with them, and that this continued up to 
some point about 12 feet below Top Bank, at which point, possibly, 
the puddle was hard and would not settle at once, but formed an arch 
across the trench, with a space below it, through which the water at 
once started to emerge. In so doing it would soon wash away the 
12 feet above, and would also rapidly cut its way downwards through 
the whole Bank. With regard to the overflow weir this was probably 
not large enough in any case. The rule of 3 feet per 100 acres of 
watershed indicated a length of nearly 130 feet required, instead of 
the 64 feet provided. 

With reference to the South Fork Dam, did the author know of 
many other cases where the heart of an earth dam had been formed 
of gravel and what was exactly the theory of placing it there? 

In the Austin Dam, it was stated, cracks appeared before the 
water was impounded. It would be interesting to know what was the 
method of tying the structure in to the hill sides at each end, whether 
solidly into the rock, or whether any space for puddle, &c., was left 
for expansion. ‘The failure in this case seemed to have been entirely 
due to an error of judgment on the part of the engineer in mistaking 
shaley rock for a sound bottom. 

In the case of the Puentes Dam, it was interesting to note that 
this was a curved dam. He would like the author to inform them 
what was the difference out of the straight line, and if he considered 
it a case where the embodying of the arch principle in the design was 
of economic value or not. These curved dams appeared to be much 
more popular on the Continent than in England, but they appeared 
often to be wasteful in design, because a greater volume of masonry 
was often required if curved than if straight, even if the curved design 
had a more economical section. The initial cause of the failure of the 
scheme seemed to have been the fact that the pumping plant was 
inadequate to deal with the water in the process of building. It was 
stated that the engineer intended founding on the rock all through, 
and if that had been done, it seemed probable that the dam would be 
standing to-day, but as steam and other modern pumps were not in 
use then it was presumably impracticable with the plant available to 
master the water coming in, and so the makeshift of building that 
portion on piles was resorted to and that was what caused the failure 
of the dam in the end. 

Mr. CoaRp S. Pain thought that the paper was very valuable in 
many ways. Some of the older members of the Society would 
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remember going to view the Vyrnwy Dam during its constuction. 
Many of them were somewhat hypercritical at the enormous care 
that was exhibited in the washing of the stones and in the most 
careful selection of every bit of the material used, and looking at the 
Author’s diagrams, one realised how important it was in works of this 
kind that the utmost care and precaution should be taken. Against 
that, one could not help thinking of the extraordinary things that had 
happened in nature, the creation of vast lakes by natural dams in 
‘apparently the most casual way, the success of which one would 
never have anticipated. | 

He ventured to differ from Mr. Giles when he said that the 
foreign practice of curved construction required more material. If 
he remembered rightly, the impression conveyed to his mind by a 
paper he had previously heard on Dams tended to show that the 
foreign practice was a very much lighter work and that the curved 
dam depended for its strength on the bow, as it were, for the 
resistance of the pressure. 

One would hardly have expected that what happened in the 
Austin Dam should have occurred. Presumably the designer would 
have geological maps and borings to guide him and would never 
dream that there would be a thin layer of clay underneath. It only 
showed the necessity for investigations below the foundations of a 
dam, even when in the solid rock. 

Mr. GILES remarked that he had intended to say that Zeyond a 
certain limiting length, curved dams were more extravagant than 
straight ones. Of course, for rocky gorges they were more 
economical as a rule. 

The AUTHOR, in reply, referring first to Mr. Priest’s remarks in 
connection with the Dansville Dam, said that he had really introduced 
that work in self-defence, in view of possible criticisms by any advocates 
of the special merits of ferro-concrete who might be present. 
Professor Marchant and Mr. Mason had spoken of Messrs. Wilson 
and Gore's experiments. Of course those experiments had definite 
limitations. They were made with models in which the section of 
the dam, together with its foundations, was cut out of a single sheet 
of rubber. It did not seem fair to apply the stresses found with 
those models to a masonry dam founded on solid rock, where in 
fact there was no such continuity of material. It was very much 
open to question whether some of those stresses in front of the toe of 
the dam were met with in actual practice. The experiments were 
most instructive, as also were those of Dr. Brightmore and Sir John 
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Ottley, but they must not be carried too far. Professor Marchant 
had disapproved of the decimal points used in the figures relating to 
the Puentes Dam, but the author did not see how to turn metres 
into English measure without running into decimals. He quite 
agreed with Mr. Brodie’s remarks in regard to the Bouzey Dam. 
Referring to Mr. Mason’s criticisms of the second maxim, the author 
stated that he had deliberately adhered to the wording of Professor 
Rankine, who had said that tension should be practically non-existent 
in a masonry dam. The whole question of the stresses in a masonry 


. dam was a most tempting one, but he thought it better not to launch 


out on it, in view of the lateness of the hour. To apply mathematics 
to such structures it was necessary to make assumptions which were 
difficult to justify. It was assumed in the first place that they were 
rigid structures, which they were not; it was assumed that they were 
homogeneous—they were not; it was further assumed that the whole 
mass was at the same temperature—it was not. On those assumptions 
certain rules had been laid down which were found in practice to 
give good results. It might be calculated that there were no tensions, 
but he would not be bold enough to say that they did not exist, and 
it was for this reason that he had kept to Professor Rankine’s actual 
wording. 

The Bouzey masonry was probably very weak and is not be 
able to stand one ton per square foot, but there was no doubt that 
good masonry, especially where large bonding stones were available, 
would bear considerable tensions. 

Mr. Giles had referred to the diferentes: in level in the case of 
the Sheffield Dam. The discrepancy was not so great as Mr. Giles 


_ had stated. The outer slope of the embankment was 24 to 1, so that 


with the water in the reservoir at top water level, i.e., 5 feet below 
the top of the bank, the corresponding level on the outer slope would 
be 12 feet 6 inches down. 

It should be remembered that the accident occurred in the dead 
of night during a great storm, and that the observer was only a 
workman ; a difference of a few inches was easily accounted for under 
such circumstances. 

With regard to the core of gravel in the South Fork Dam, the 
material in this particular case was slate. It was used to prevent the 
fine material at the front falling, or being washed into the rubble at 
the back. Its function was the same as that of the gravel in a filter 
bed, and it was not intended to be watertight. Gravel was used 
extensively in the States in the construction of dams; instead of 
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puddle walls, concrete core walls were used with gravel embankments 
on each side. He understood that dams were made in this fashion 
up to 100 feet in height, in which the total settlement did not exceed 
aninch. This result was obtained by forming the embankment in 
very thin layers, and using heavy rollers with plenty of water. i 

Regarding the Austin Dam, nothing was done in the way of tying 
in at the ends beyond excavating in the hillside and building the 
concrete directly on the bare rock. No special precautions were 
taken to prevent the formation of temperature cracks, while the fact 
that the bulk of the work was done very quickly in hot summer 
weather would make their occurrence more certain. 

With regard to curved dams, all the old Spanish dams were curved 
in plan, but in their case it was not fair to talk of economy of 
section. The Spaniards were not economical in these ancient walls, 
and it was left to the French engineers to make the first great step in 
economising material. As to curved dams generally, in a narrow 
rocky gorge, for economy there was nothing to beat the horizontal 
arch, which was a very slim section dam, depending on the rock 
abutments for its stability. In broader valleys it was good practice 
to curve the dam to allow for changes of shape caused by variations 
of temperature, but in the case of a broad flat valley, it was 
undoubtedly not economical to curve the dam. 

Mr. Pain had referred to the Sheffield puddle wall. Perhaps the 
diagram was not quite clear. The upper of the two sections on the 
diagram was a maximum cross section of the dam. The lower section 
was on the line of the trench that carried the outlet pipes, and of 
course, showed the intersection of that trench with the main puddle 
trench, which it crossed approximately at right angles. At that point, 
instead of being 60 feet deep it was only 30 feet deep. 

The engineer of the Austin Dam did take certain precautions 
about his foundations. There was an old dam a short distance 
further up the valley which had been in use many years with 15 feet 
of water behind it. A number of borings were put down over the 
site of the new dam; these were quite dry and showed no trace of 
water percolating through the rock. A few trial shafts would have 
disclosed the seamy nature of the rock, while the boreholes might 
have been tested for water-tightness. As was not altogether unknown 
in the United States, the employer had imposed two conditions on 
the engineer, viz.: —(1) that he was to construct a reservoir of a 
certain capacity, and (2) that he was not to spend more than a certain 
amount of money upon it. 
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CORRESPONDENCE. 


Mr. T. R. WILTON would have liked to have taken part in the 
discussion, had time permitted, as the paper was one of the very 
greatest interest, and he was in absolute agreement with the author 
in the statement that experience must be won from failure as well as 
from success. 

The method adopted by the author of a clearly thought out 
analysis of the causes of failure in dams, was a method which would 
be invaluable if applied generally, not only to actual failure, but to 
structures which showed signs of weakness. Extremely valuable 
lessons might be learned from such, and it was no exaggeration to 
say that the modern theory of weirs on sandy foundations had been 
built up from a study of the failures or partial failures of actual 
structures. 

Mr. Wilton had, fairly recently, to advise as to what might be 
done with such a structure which had been built without attention 
to scientific principles. In this case he had obtained valuable infor- 
mation as to the hydraulic gradient from a consideration of the signs 
of incipient failure that this weir showed, so that the task of remodelling 
and partially reconstructing this work had been rendered easier. 
He instanced this as an example of how the consideration of the 
data available from a badly designed work which showed signs of 
failure, might be of assistance to an engineer in designing works for a 
similar purpose. It was only right to say that in this case the original 
structure had not been designed by any qualified engineer. 

In this connection it was interesting to note the Puentes Dam 
failure, which, as the author had pointed out, was due to the same 
cause that had damaged so many weirs, i.e. “ piping" and blowing up 
of the down-stream apron, although in this case the failure was on a 
scale of enormous magnitude owing to the great head available. 

It would be of interest if the author could give a plan and section 
of this dam showing clearly whether the piling foundation under the 
dam formed a complete curtain to prevent creep of the water, or 
acted only as foundation piling, and also whether the down-stream 
apron, as it might be termed, was weighted throughout with masonry, 
which would resist the blowing-up action of the water pressure ; any 
curtain of continuous piling at the down-stream end would, of course, 
tend to prevent piping and undermining, but would imprison the 
pressure and render the apron more liable to blow up. 
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The various faults in the Dale Dyke Reservoir were ones which 
affected other works, notably the lack of any provision of anti-seepage 
collars on the pipes ; the necessity for these was now, of course, well 
known to engineers who had to construct culverts under rivers in 
permeable strata, and it would be of interest to know if the necessity 
for such collars was generally appreciated at the time this reservoir 
was constructed, apart altogether from the question of bad design in 
placing the pipes through the embankment. 

In the case of the Austin dam an earth bank was apparently 
placed up against the inner face of the dam; the exact effect of this 
was doubtful, but it would be of interest to know if the author had 
made any estimate of the modification in pressure due to the inter- 
vention of this permeated bank. That it had some effect was certain, 
as from experience in temporary earthen embankments acting as 
coffer dams, Mr. Wilton had found a decrease in pressure varying 
with the nature of the bank, but the theory of such had never been 
clearly stated, and the author’s views on the subject would be of 
great value. 

The final example shown by the author, of a ferro-concrete dam 
with the resultant force actually directed slightly upwards, appeared to 
Mr. Wilton not so much to be one from which any lesson in details 
of design might be learnt, but one which emphasised the fact that an 
engineer should be competent to understand principles, and that 
whilst the individual parts of a structure might be designed in a most 
excellent manner, neglect to consider the stability of a structure as a 
whole, apart from its details, might be fatal, was an error into which 
men with a knowledge of theory and without practical experience 
were peculiarly liable to fall, and it would be of interest to know if 
those responsible for this design had previous practical Experience in 
the design and construction of reservoir dams. 

The AUTHOR, in reply to the correspondence, was much gratified 
by Mr. Wilton’s interesting contribution and regretted that he had not 
had an opportunity of taking part in the discussion at the time the 
paper was read. 

The foundation of the Puentes Dam was piled to carry the weight 
of the superincumbent masonry and not with any idea of forming a 
waterproof curtain. 

The piles were driven at considerable intervals, and probably the 
tendency to seepage was increased rather than diminished by this 
treatment of the substratum. 

The down-stream apron was composed of a sheet of masonry, over 


Mr. Wilton 


The Author 


The Author 


2319 CORRESPONDENCE ON SOME DAM FAILURES. 


7 feet in thickness, built round the heads of the piles and covered by 
a decking of timber spiked to the pile heads. This tended to prevent 
piping, as it had the effect of flattening the hydraulic gradient of the 
water passing under the face of the dam, but it was obviously not of 
sufficient weight to withstand the upward pressure and was eventually 
blown up. 

With regard to Mr. Wilton's remarks as to the absence of puddle 
collars on the outlet pipes laid under the Dale Dyke Embankment, 
interesting evidence was given at the Coroner's Inquiry, consequent 
upon the disaster, by Mr. M. B. Jackson, of Sheffield, an engineer 
who had considerable experience in the construction of reservoirs in 
Australia. This witness stated that it had been his practice to put 
shields round similar pipes to prevent seepage of water. "These shields 
were of considerable diameter, and were put on in two parts and 
bolted to the main. "The author knew of other cases where similar 
provision was made, but would not state definitely that the necessity 
for such collars was generally recognised at the time when the reservoir 
was constructed. 

The earth bank which was placed against the inner face of the 
Austin Dam was inoperative at the time of the final and ultimate 
failure. As was mentioned in the paper on page 198, this embankment 
was very largely washed away at the time the partial failure took place 
in January, 1910. No steps were taken to replace or make good this 
protecting blanket, and it was obvious that when the final failure took 
place the full hydrostatic head was effective over the whole depth of 
the face of the dam. 
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“The Present Position 
of the Sewage Disposal Problem.” 
By GILBERT J. FowLer, D.Sc., F.I.C. 


INTRODUCTORY. 


On the .7th of May, 1898, a Royal Commission was appointed with 
wide terms of reference to inquire and report on the whole question 
of the treatment and disposal of sewage. Former Commissions 
appointed in 1857, 1868 and 1882, had all united in recommending 
land treatment as the most satisfactory method known for the really 
efficient purification of sewage. 

The growth of large towns, especially in the North of England, 
rendered the provision of the necessary land practically impossible in 
a very large number of cases, and this condition of things was really 
the immediate cause of the appointment of the Royal Commission of 
1898, which is still in being. 

The present Royal Commission submitted its first interim report 
in 1901, and its eighth report, embodying final conclusions on some 
of the main issues involved, was published in 1912. This report and 
its appendix have been the subject of several public discussions and 
published communications on the part of those affected by its 
proposals. The time seems opportune, therefore, to take stock of the 
position and endeavour so far as possible to see what progress has 
been made during the years of the Royal Commission’s activity, and 
also what remains to be done. 
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ARTIFICIAL PROCESSES. 


In the interim report of 1901 the Commission state that it is in 
their opinion practicable to produce by artificial processes alone 
effluents which will not putrefy and which might be discharged into 
a stream without fear of nuisance. 

These artificial processes are summarised in a list in the interim 
report as follows :— 

Closed septic tank and contact beds. Open septic tank and 
contact beds. * Chemical treatment, subsidence tanks and contact 
beds. Subsidence tanks and contact beds. Contact beds alone. 
Closed septic tank followed by continuous filtration. Open septic 
tank followed by continuous filtration. Chemical treatment, sub- 
sidence tanks and continuous filtration. Subsidence tanks followed 
by continuous filtration. Continuous filtration alone. 


STANDARDISATION OF METHODS. 


A great part of the Royal Commission’s work has consisted in the 
collection of evidence, and the conduct of experiments, with the 
object of working out the conditions of efficiency of these various 
processes, and of standardising the methods employed as far as 
practicable, so that an authority may have a fair idea what sort of a 
result is likely to be obtained for a given expenditure. 


FIFTH REPORT OF COMMISSION. 


The fifth report of the Royal Commission and its Appendices 
are a mine of information in this respect, and the appointment of the 
Commission would have been more than justified by this report alone, 
introducing as it does the idea of quantitative accuracy into the 
operations of sewage disposal. 

There is no excuse now for authorities to launch out on expensive 
works without any preliminary study as to the character and amount 
of the sewage to be treated. The Commission show clearly that the 
design and extent of the works must depend on the concentration or 
* strength" of the sewage. This is roughly proportionate to the water 
supply per head, and the amount of sub-soil drainage finding its way 
into the sewerage system. The composition of the sewage is also 
affected, e.g, by the quantity and character of the trade-effluents 
discharged into the sewers, and by the proportion of water closets to 
pail closets in the district sewered, and by other factors. 


* The expression ‘‘ subsidence tanks” is intended to denote tanks which are 
used in such a way that little or no ‘‘septic” action is produced. 
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In the fifth report the Commission indicate in general terms the 
kind of works necessary to obtain a satisfactory effluent from sewage 
of a given character. 


NEED OF PRELIMINARY STUDY OF EACH PROBLEM. 


This, of course, does not mean that in future all that a Corporation 
or Council has to do is to take a sample or two of the sewage, have it 
classified as "strong," “ medium,” or * weak,” and order a sewage 
works accordingly. 

The chemical ànd engineering conditions are in no two places 
alike, and in order to obtain the maximum efficiency and economy 
under any given set of conditions, careful thought and study on the 
part of the engineer and bio-chemist will always be necessary. 

The author has, e.g., on more than one occasion, recently found 
that the sewage to be dealt with in small installations in the country 
is rendered much more offensive and difficult to treat by the drainings 
from manure heaps which are allowed to enter the sewers. A creamery 
in a country district may also introduce unforeseen difficulties. 


DEFINITION OF D.W.F. 


The question of what really constitutes the dry weather flow is 
one of great importance and some difficulty. The actual water 
consumption may vary from 100-150 gallons per head, as in New 
York, to say 10 gallons per head or less in a country town or village. 

It does not quite dispose of the question to say that the strength 
varies in inverse proportion to volume, and therefore the provision of 
tanks and filters must be the same for all strengths, the rate of 
operation alone varying. 

Obviously as regards capacity of sewers the actual quantity to be 
dealt with must be considered, especially in reference to storm water. 
While it might be quite reasonable to construct sewers to take six 
times, say 30 gallons per head, the problem becomes enormous if 
100 gallons per head is to be taken as what may be called unit flow. 
On the other hand, if the dry weather flow is, say, 10 gallons per head 
strength, storm overflows set at six times the D.W.F. would discharge 
at only twice the dilution of ordinary 30 gallons sewage. 

The question of actual quantity apart from strength also has to be 
considered in the design of disposal works. Tanks, channels and 
distributing mains have all to be larger if six times an originally dilute 
sewage has to be dealt with, than if the original sewage is strong. 
There is also a physical limit of speed within which filters can be 
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operated without water-logging. This question of what is to be taken 
as the dry weather flow is, therefore, of great importance in calculating 
the size and sort of works necessary to deal with a given sewage. 


NEED OF STATISTICAL REPORTS. 


It is because so few towns give returns of what has actually been 
thoroughly dealt with at their works, as compared with the total 
quantity received, and the cost of such treatment, that it is so 
difficult to make just comparisons between one method of treatment 
and another, or one town and another. It is comparatively easy to 
get constantly good results when filters are carefully nursed, the test 
comes when they are called upon to take the day-to-day fluctuations 
year in, year out. 

It is to be hoped that reports giving full data of costs in reference 
to flow and population, will be more frequently published in future by 
municipal authorities than is now the case. Their value cannot be 
over estimated. 


Cost oF EFFECTIVE TREATMENT. 


From such figures as are available, e.g., from Leeds or 
Wolverhampton, Glasgow, and the Manchester statistics, it may be 
roughly assumed that the total revenue and capital cost for the 
production of a good effluent, will amount to at least 2s. 6d. per 
head per annum. For small towns it may be more. 

The term “satisfactory effluent” has been used in this paper, so 
far without precise definition. This definition has been given by the 
Royal Commission in their eighth report, as follows :— 

* An effluent in order to comply with the general standard must 
“not contain as discharged more than three parts per 100,000 of 
“ suspended matter, and with its suspended matters included must not 
“take up at 65 degrees Fahr. (18:3 degrees C.) more than 2^0 parts 
“ per 100,000 of dissolved oxygen in five days.” 

Under certain circumstances they indicate that an even more 
stringent standard may be called for. Few will deny that if every 
inland town produced an effluent of the character defined above year 
in, year out, the condition of rivers, especially in the North of England, 
would be very different. It can be done at a price, and is done, the 
author believes, by certain towns in the Potteries and in the Midlands. 
The more reason that full statistics should be published for the 
encouragement of others. 
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EFFECT OF DILUTION. 

Where the effluent is considerably diluted by the body of water 
into which it flows, the Commission conclude that the standard may, 
under proper supervision, be relaxed or suspended altogether. 

It is, however, by no means easy accurately to judge of the effect 
of dilution. The problem is in the first place one of efficient mixing. 
Cases will readily be called to mind where sea-outfalls can become 
a source of serious nuisance if not very carefully chosen. Bombay 
is an example, where owing to a clerical error, the tidal currents were 
wrongly marked on a map; the outfall site, chosen in consequence, 
has proved far from satisfactory, as the sewage lies in a still pool 
under Malabar Hill, one of the best residential quarters of Bombay. 

Probably the most complete studies on the problem of disposal of 
sewage by dilution ever made, have been carried out by the 
Metropolitan Sewerage Commission of New York. The author was 
called upon in November, 1912, to report upon the proposals of the 
Commission in regard to the disposal of the sewage of greater New 
York, and had occasion, therefore, carefully to study their work. A 
glance at the map will show the difficulties of the problem. 

At present the whole of the sewage of Manhattan and much of 
that from the other divisions of Greater New York and of New Jersey, 
finds its way wholly untreated into the upper Bay. The only dilution 
which takes place is the flow of the Hudson, the tide merely oscillating 
to and fro through the East River. Numerous float experiments 
showed how complicated the paths of the currents are. Owing to 
this lack of a thorough flush out, the Harlem River is already in 
places approaching the condition of the Manchester Ship Canal, and . 
with a rapidly increasing population this condition is likely to become 
worse. The Lower East River also is deficient in oxygen, and in 
many places there are local nuisances and floating feecal matter, 
paper, &c., are in frequent evidence. 

It is a remarkable example of the capacity of the microscopic life, 
bacteria and plankton, present in the harbour, to digest inoffensively 
large quantities of sewage matter, that conditions are not much worse 
than they are; but a number of well-known consultative experts, 
among them Dr. W. E. Adeney, who has done such admirable work 
for the English Sewage Commission, all agreed that 50 per cent. of 
saturation was the lowest point to which the dissolved oxygen in 
the harbour should be allowed to sink. This point has already been 
reached in certain portions of the harbour and Lower East River, 
indeed in the Summer of 1912 some samples of water from the Lower 
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East River, near the Brooklyn Bridge, were found to contain 43 per 
cent. of oxygen. 

Further treatment of the sewage or its removal to a point out to 
sea has therefore become necessary. The project, which after much 
consideration has been arrived at, is to collect the sewage which now 
goes into the Harlem and pass it through settling tanks in Ward’s 
Island, discharging the effluent into the rapid currents at Hell Gate. 

In order that this effluent may readily be digested by the waters 
of the Lower East River, it is proposed to relieve them of the great 
burden of pollution, 200,000,000 gallons per day, which is received 
from Lower Manhattan and Brooklyn. For this purpose an outfall 
sewer is projected, terminating in an artificial island to be built 
about three miles from land on a sandy reef. All other sewage not 
comprised in this project will be subjected to efficient screening, and 
the outfall arrangements are such that more sewage can be coupled 
up to the island in future if desired. 

The mode of treatment to be adopted at the island is at present 
somewhat indeterminate. Probably settlement of the heavier solids 
will suffice, together it may be with a small addition of electrolised 
sea-water to delay the immediate call on the oxygen in the vicinity of 
the outfall. The sludge deposited in the tanks will be carried 
further out to sea, unless some means can be found of making an 
economical use of it. 

A most important matter in relation to such discharges as are 
here contemplated, is the method adopted for final mixing. It isa 
most difficult matter to mix fresh sewage effluent and sea-water owing 
to the difference in specific gravity. . 

When carrying out the work for the New York Commissioners, 
the author was able, by the courtesy of the State Board of Health 
of Massachusetts, to pay a very instructive visit to their three outfalls 
in Boston Bay. They are of three types, representing a gradual 
development of ideas. 

At Moon Island there are impounding tanks let off on the ebb-tide. 
The result is occasional nuisance and expensive works, having regard 
to the large quantity of sewage which has to be discharged at any one 
time. 

At Deer Island the discharge is continuous but near the surface, 
and consequently is visible for a long distance. At the latest outfall 
at Nut Island 40,000,000 gallons per day of sewage are discharged 
below the surface with singularly little offence. 

In his report to the New York Commissioners, the author urged 
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the importance of deep outlets and continuous discharge. Mr. J. D. 
Watson, who reported simultaneously on the engineering aspect of the 
question, indicated the necessity for a number of outfall ‘mains, each 
discharging a given amount in order to secure adequate mixing. The 
cost of the project thus outlined is estimated at nearly 23,000,000 
dollars, not a great sum per head considering the population served, 
which ultimately is estimated to reach 9,000,000. Some time has been 
devoted to the above very brief sketch of the New York sewage 
disposal problem, as it represents probably one of the largest and most 
complex in the world, and shows how far modern engineering and 
bio-chemical science are able to cope with it. 

The final report of the Commissioners may be expected in April, 
and the further progress of the scheme will be watched with interest. 


FURTHER PROBLEMS. 


It has been shown that it is possible to dispose of sewage without 
causing offensive pollution in the body of water into which it is 
discharged. The outstanding problem remaining is the utilization 
of the sewage. This has been the dream of the sewage enthusiast 
ever since modern ways of living forced most people away from the 
simplicities and economies of the Chinaman. The city of Shanghai 
makes a handsome profit from the sale of night soil, and the water 
carriage system is unlikely to be installed there, at any rate in the 
immediate future, if ever. 

With its greater convenience and cleanliness the water carriage 
system entails constant wastage of valuable fertilising agents which 
should come back into the cycle of nature. That they eventually do 
so to some extent as fish may be granted, but the world needs wheat, 
and the fact that the Manchester Sewage Works and others have been 
able to sell dried sewage manure at a profit in Canada, and that 
Bradford has concluded a contract for its dried sludge with the 
intensive gardeners of Northern France, indicates that there is an 
almost unlimited outlook for properly prepared sewage manure, either 
alone or as a basis for enrichment by artificial fertilisers. This is the 
conclusion of Dr. H. Maclean Wilson in a recent report, and the 
author is quite in agreement with him. 

In their conclusions as to the value of sewage sludge the Royal 
Commission do not appear very convincing. They seem to have 
insufficiently differentiated between sludges of different origin and 
composition, and it will be of interest to consider the possibilities of 
each of these in turn :— 
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Taking first sludge from sedimentation and chemical precipitation 
processes, which are very similar in character, the most successful 
utilisation of sludge is carried on at Bradford, Yorks., where the whole 
sewage, containing, as it does, a high percentage of grease from wool- 
washing, is treated and “cracked” with sulphuric acid, the resulting 
sludge hot pressed, the grease thus recovered sold at a profit, and the 
residual cake sent away, as has been said, to France. 

At Oldham, Dr. Grossmann finds a ready sale for the residue left 
after distilling away the grease from the sludge. It is largely the 
presence of soap and fat in sludge which precludes its use as manure, 
as if they are present it will not readily incorporate with the soil. 
Ordinary pressed sludge cake also contains seeds of weeds and 
undesirable plants. Thus, if the grease and these seeds are eliminated, 
a much more satisfactory product is obtained. 

Other kinds of sludge than those referred to above are produced in 
modern sewage works either by anaerobic or aerobic processes. 

The latest development of the anaerobic process is the Emscher 
Tank, the first one of which in this country is now being erected at 
the Withington Works of the Manchester Corporation. The Emscher 
Tank consists of two parts, a settling chamber and a sludge digesting 
chamber. The sewage passes through the settling chamber, and the 
sedimentary matters (other than heavy grit, which must first be 
removed) fall through a slot in the sludge-digesting chamber, which is 
much larger than the settling chamber. Here the sludge remains and 
undergoes thorough fermentation, after which it can be run out, and 
owing to the peculiar granular nature which it acquires by fermentation, 
can be readily dried in properly constructed draining beds. The 
residue thus obtained is quite inoffensive, and is useful itself as a light 
manure, and can easily be enriched. 

In Dublin a process of fermentation of sludge by addition of yeast 
is in operation. A considerable separation of water occurs in the 
process, and the fermented and concentrated sludge is dried in an 
ingenious manner, and the resultant powder sold by itself for 50s. per 
ton and more, in proportion to added artificial fertilisers. 

The mode of action of the yeast is not properly understood, but 
it has been suggested as the result of experiment that the yeast breaks 
down and the cellulose cuticle of the yeast ferments somewhat, 
yielding hydrogen and other gases which cause the solid matters to rise 
to the top of the fermentation tank, with separation of a considerable 
percentage of water. . 

Fermentation of sludge may also be aerobic, and this takes place 
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in the Dibdin slate filter and the ordinary contact bed or percolating 
filler. The residuum in a Dibdin slate bed gradually passes out 
with the effluent, the filtering medium in a contact bed is taken out and 
washed from time to time, and the humus from a percolating filter is 
generally caught in so-called humus tanks. The various products 
thus obtained, though probably different in many ways, especially 
biologically, are at any rate generally free from grease, and are granular 
and inoffensive in character. They are therefore more readily dried 
than ordinary tank sludge, and in Manchester it is the “slurry,” 
so called from the washing of the contact beds, which is being dried, 
powdered and sold at a price which covers cost. 

It will be seen that the function of the filter bed, whether slate 
bed, contact bed or percolating filter, is largely the collection and 
granulation of the colloidal matters in the sewage or tank-effluent. 

In an address given in November, 1911, as Chairman of the 
Manchester section of the Society of Chemical Industry, the author 
made the following, among other concluding observations :— 

“I cannot forbear to mention also a most illuminating suggestion 
* made to me by Dr. Maclean Wilson, that it might be possible to 
* discover some kind of clotting enzyime, which should do the work 
* which now apparently takes place in the surfaces of the medium of 
"the filter bed. If this could be done there is a possibility of 
“ enormous saving in costly works.” While considering the problem 
of New York, this question was anew forced on the author's 
attention. The idea, as an alternative to the scheme of sea-disposal 
already mentioned, of treating some 1,000,000,000 gallons of sewage 
daily on percolating filters appeared altogether impracticable in view of 
the possible nuisance from flies and odours. Chemical treatment of 
such volumes had also its special difficulties. 

Experiments on various systems of forced aeration, and collection 
of the oxidised solids on surfaces seemed however to offer possibilities, 
according to the experiments of Major Black and Professor Phelps. 
At the Lawrence Experimental Station, the author saw sewage in a 
bottle, which under certain conditions had been completely purified 
by 19 hours’ aeration. This work is referred to in the recent Annual 
Report of the Massachusetts Board of Health. The element of 
surface and consequent cost, however, remained. 

Since then it has been possible in the author’s laboratory at 
the Manchester University to go further. The author’s assistant, 
Mr. E. M. Mumford, discovered a bacillus in the water of the old 
colliery workings at Worsley, which has the property of precipitating 
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iron from solution in presence of organic matter. It was then found, 
as already reported at the Congress of the Royal Sanitary Institute at 
Exeter, that if this organism is added to sewage effluent together with 
a little iron salt, and air is blown through, complete clarification 
results, and the resulting deposit has a very high nitrogen content. 
Since then the engineering developments of the process have been the 
chief concern, but it has been possible successfully to inoculate about 
5,000 gallons of sewage with a pure culture of the organism, and a 
plant is now being experimented with capable of dealing with 10,000 
gallons per day. 

Laboratory experiments are in progress at Davyhulme, which 
indicate even more far-reaching possibitities, and the author looks 
forward with confidence to the time when it will be possible com- 
pletely to purify sewage in a tank, with production on the one hand 
of inoffensive sludge, which can be readily handled and disposed of 
as manure, and on the other, a well aerated effluent, in which 
aquatic plants and fish will make final use of the nitrogen and 
phosphates in solution. The problem in its present stage is largely 
one of engineering, but granted the possibility of applying large 
quantities of air economically to sewage, the saving in space and 
capital cost may be very great. 

It should be practicable even for seaport towns to purify their 
sewage without great difficulty before discharge, retaining the insoluble 
matters in an inoffensive form, easily disposed of as fertiliser. A 
sewage works will then no longer be a source of nuisance and trouble, 
either from decomposing offensive sludge or from flies and odours 
from percolating filters. 


NEED FOR RESEARCH. 


In conclusion it is necessary to emphasise again that real advance 
in the art and practice of sewage disposal must come through the 
avenue of scientific research of the highest order. It is well to 
remember that the modern developments are only the practical 
application of principles discovered long since by men like Pasteur, 
Warington, Frankland, and many others, without whose work sewage 
disposal would be mere empiricism. 

Such research work necessitates well equipped laboratories and 
large staffs of highly trained workers. The author realises the 
responsibility in having at his disposal the resources of the Manchester 
University and the Manchester Corporation for this purpose, but the 
work is a national one, and it is to be hoped that the present Royal 
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Commission will not be concluded before its work has been put on a 
permanent footing in the establishment of a national research depart- 
ment which could carry out work of a wider scope than is possible for 
any one local authority, and could correlate the work done by such 
authorities to the general benefit of all. 

In what has been said the author is not for a moment forgetting 
that for the practical application of the discoveries of the bio-chemist 
the close co-operation of the engineer is necessary. It is through this 
harmonious working together of two great professions that advances 


may be looked for in the future, adequate to the demands of complex 
modern life. 


The Paper was illustrated by numerous views of sewage disposal 
installations. 


Mr. Pain 
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DISCUSSION. 


Mr. Coarp S. Pain said that he had recollections of the question 
of sewage disposal cropping up periodically in the early days of the 
Society. Lieut.-Colonel Jones, of Wrexham, came to tell them about 
the disposal of sewage on land, and he was a great enthusiast ; several 
papers were given before the Society on various artificial filtering 
materials, and that evening they had been favoured with perhaps the 
most scientific paper on the subject, bringing them right up-to-date 
with modern practice, and explained in a simple way possessing great 
charm. He had been responsible for the installation of small disposal 
works, which were perhaps more difficult to deal with than larger ones, 
as less money was available and there was not the same control and 
advantage of having the results watched by an intelligent staff. 

He would like to have the author’s opinion as to whether petrol 
destroyed the organisms which assisted in the purification of sewage ; 
his impression was that it did. The next question he would like to 
ask was whether a humus tank was the same asa humus bed. He 
imagined that it was usual to take the effluent, after passing through 
the filters, on to a humus bed, that was, earth, but he had rather 
gleaned that the humus of which the author had spoken was a certain 
semi-solid matter, and he would be interested to know whether the 
two things were identical. 

He had noticed in connection with all the interesting illustrations, 
that while the author spoke of the importance of passing the sewage 
slowly so that it might not carry its suspended matter on to the outlet, 
in no case were any baffles used to assist in the precipitation of the 
sewage. He had noticed, also, that in none of the examples shown 
was there any suggestion of upward filtration. There appeared to be 
an extraordinary prevalence of subsoil water. He did not know that 
it was usually the case ; it was, of course, very difficult to construct a 
sewer that was watertight, but he had not realised that subsoil water 
usually entered to so great an extent. 

With reference to the question of dealing with the strength of 
sewage, of course, separate systems might be installed in order to 
exclude storm waters, which upset one’s calculations more than 
anything else. He would like to ask whether it would be easier, 
generally speaking, to have the separate system, so as to form a better 
idea as to the volume and strength of the sewage. On the question 
of the cost of purifying sewage, he had noticed that the sum mentioned, 
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viz., 2s. 6d. per head per annum worked out—taking 20 gallons per 
head per day—at about the same as the cost of providing the water in 
the first instance, putting the latter at 4d. per 1,000 gallons. 

An interesting point had been introduced as to the value of night- 
soil, which was going back a thousand years before Colonel Jones' 
time. Mr. Pain had wondered whether the value of the night-soil in 
Shanghai was largely due to the cultivation of rice, the staple food of 
the people. He had been extremely interested in the subject of sewage 
manure, because it used to be said that the chief value of sewage sludge 
from a manurial point of view depended on the ammonia being 
retained. It was well known, of course, that the more the sewage was 
dealt with and subjected to evaporation, &c., the greater the loss of 
the ammonia. 

Mechanical aeration was the latest development, and when all was 
said and done, was it not that which went on in the rivers of this 
country and which enabled the sewage of Oxford aerated by the river 
Thames to be pumped and used for drinking purposes by London. 

Mr. G. CARRUTHERS THOMSON asked if the author could say what 
proportion the volume of industrial sewage bore to the total volume ; 
that would make a great difference and raise a great many difficulties. 

Mr. F. W. BowpEN, referring to the question of the treatment of 
the sludge at Bradford and at Oldham, remarked that it was stated 
in the paper that at Bradford the profit that was made was merely 
that derived from the sale of the grease that was recovered from the 
wool washings and from the sludge, but that at Oldham no profit 
was made. 

The AUTHOR regretted that he was unable to say. He knew 
that the residue was sold quite easily, but he was not in possession of 
the figures. The Bradford figures, however, were published. 

Mr. BowbEN, continuing, said that he could quite appreciate the 
difficulty attendant upon the treatment of sewage at Oldham owing 
to the large volume of trade waste. In Liverpool they had had some 
experience of the action of soapy waste and grease on crops and land 
where sewage had been laid down for treatment by broad irrigation, and 
owing to the establishment of works which discharged a considerable 
amount of soapy matter and fatty waste, large areas of young crops had 
been spoilt. Recently, however, an intercepting chamber and screening 
plant had been laid down for the interception of floating fat and 
grease at the farm, before the sewage was run on to the irrigation 
areas. Probably, in a town such as Bradford, however, it would be 
impossible to carry out such a device. 
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He would be interested to know whether, in connection with 
the new works at Daveyhulme, it was intended to prepare the sludge 
for commercial use. The author's forecast as to the mechanical 
application of air to the purification of sewage was very fascinating, 
and he would look forward to seeing the results of the experi- 
ments. 

Mr. E. C. GivEN, whilst not claiming any special knowledge of 
the subject of the paper, observed that he had heard the subject 
discussed in America, and the opinion expressed there that the 
automatic control of septic tanks by floats timed to discharge on beds 
in certain periods was very satisfactory. From the views that had 
been shown on the screen, it would appear that there was a good deal 
of handling and labour in connection with the re-stocking of the slate 
slabs in the beds. He had wondered whether it would be possible to 
reduce the labour and cost by using cast-iron slabs, with distance 
pieces cast on them in the form of ribs, where desired, and making 
them hollow with orifices, and thereby induce the aeration, which 
he understood was desirable in certain processes. 

The PRESIDENT asked what was the particular peculiarity about 
the Emscher tank, to which the author had referred, and whether it 
was similar to the Dortmund tank, which also discharged sewage 
from the base of a conical shaped tank. 

The AUTHOR, replying first to the President's question, said that 
the Dortmund tank did not separate the sludge in the same manner 
as the Emscher tank, though it raised it in the same way. In 
reply to Mr. Pain’s first question, probably petrol was more 
dangerous to human beings in sewage than to the bacteria. Serious 
accidents had resulted from the discharge of petrol into sewers, and it 
was a practice which was to be deprecated. A very serious explosion 
took place in Bradford, where petrol had been discharged into the 
Bradford Beck, and resulted in an enormous amount of damage. For 
that reason it should be strictly excluded from the sewage. 

With regard to the term “humus,” it had come to be used in a 
somewhat loose fashion. Strictly speaking, the old word “humus” 
meant the organic portion of soil, and a “humus bed,” a bed with an 
earthy deposit of a humus character. A “humus tank” was a tank 
placed after a percolating filter, to arrest the particles of suspended 
earthy matter present in the effluent. Baffle boards were very 
useful, especially for keeping back floating matter, and also, if 
judiciously placed, for directing the flow through the tank. That 
was a point calling for careful design. 
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Upward filtration was a matter depending upon what it was desired 
to filter. He thought it was not possible to filter sewage by upward 
filtration, because the greasy and colloidal matter blocked up the 
filter, and a kind of septic condition would be produced, which was 
not satisfactory. It was possible, perhaps, if once the organic matter 
was rendered granular, to filter quickly by upward filtration, and that 
was probably why it was possible to filter water in that way, but not 
sewage effluent. The whole problem was one of physical chemistry— 
a problem which had only in recent years begun to be understood—of 
getting the suspended matter from the sticky condition into a granular 
condition. It was that slight physical difference that made all the 
difference in the world in the handling of the products. . 

In reference to sub-soil water, the origin of this in Manchester 
was that, in the past, many old existing water courses had been 
connected into sewers. The separate system undoubtedly facilitated 
control at the works, as the manager had some kind of idea what the 
conditions were that he had to meet from day to day. 

Mr. Pain was probably right in believing that the cost of purifying 
sewage about equalled the cost of providing water in the first case. 
Although the purification aimed at in a sewage works was of a different 
order from what was looked for at a waterworks, yet, the amount of 
work to be done was generally greater and the conditions were more 
complicated. The efficient control of a modern sewage works 
was a highly skilled occupation, and called for increasingly exacting 
qualifications on the part of those responsible. People should 
face that when going in for a good water supply, but he would 
like to emphasise the necessity for accumulating accurate statements 
of cost, so that the amount which these things did cost should 
be ascertained. It was very probable that the point made by 
Mr. Pain regarding the use of night-soil for the raising of rice was 
a very good one. It was possible to utilise night-soil under those 
conditions, but what he was contending for was not that the collection 
of night-soil should be reverted to in this country, but that the products 
should be got out of the sewage. If, by some process, it could be 
got into a transportable condition, it could be easily fortified. There 
again, the question of rapidly getting rid of the water from the deposited 
matter entered in. At Manchester they were getting rid of large 
quantities of the material which was washed out from the filter beds. 

With regard to the question of space, that, of course, was really 
the whole idea behind those new experiments. The question of space 
was a very important one to New York, and much attention had been 
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given to the question of clarification of the sewage. It was largely a 
problem for the engineer, and if satisfactorily solved, it would be 
possible even for a city like Liverpool to deal economically with its 
sewage. The question was forced upon him again in considering the 
problem of greater Manchester. Mr. Meade, the City Engineer, had 
a sewerage scheme under consideration which was capable of dealing 
with a large population in the future, and that rendered necessary 
concentrated treatment by some method. Electrical power was cheap, 
and pumping was cheap and possible now. He agreed with Mr. Pain 
that small communities were often more difficult to deal with than 
large ones. If the dry weather flow could be defined in some arbitrary 
manner, one would know what one was doing. That again was some- 
thing for the engineer to consider. When speaking of revenue and 
capital cost, he had referred to the capital cost not of the sewers, 
but of the disposal works, plus the annual cost of maintenance. 

In reply to Mr. Thomson’s question as to the proportion of 
industrial effluents in Manchester sewage, probably it amounted to 
about one-third of the total. Manchester’s was more a domestic 
sewage than it was formerly. 

Coming to Mr. Bowden’s remarks, relative to Bradford sludge, the 
grease was sold at £8 to £10 per ton, and went largely to America. 
The residue, he believed, was sold for about 5s. to 6s. per ton. In 
Manchester it was sold for 25s. In Oldham, they were faced with 
the difficulty of getting rid of their sludge at all, and Dr. Grossman 
had been for some time working upon the problem and had recently 
said that it was coming out satisfactorily. With regard to sewage 
manure at Daveyhulme, at present they were just dealing with what 
was washed out of the filter beds each five years. 

Referring to Mr. Given’s remarks, first as to automatic control, 
that was possible under certain conditions, but generally it was well 
to have a man about to see that it worked. The slate beds he 
thought would be found to be cheaper than the iron slabs which 
Mr. Given had suggested. The slates used were rough as they came 
from the quarry. Perhaps there was some misapprehension because 
the slates had not to be taken out and replaced; the deposit con- 
tinually came away in the effluent as in the case of a percolating filter. 
In regard to the trapping of air, Dibdin had provided on the lower 
slates little cement rings which collected a cupful of oxygen in the 
base of the bed. The American chemists also had introduced 
oxygen. 
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CORRESPONDENCE. 


Mr. FRANK E. PRIEST regretted that he was unable to attend the 
meeting to express his gratitude to Dr. Fowler for the great pleasure 
that the perusal of his paper had given to him. No one was better 
able to write on this subject, and of that fact the paper itself was the 
most complete evidence. The generosity of the author in giving his 
knowledge and his time, would impress itself upon the Society whose 
Proceedings were now so greatly enriched. 

The subject of the paper was important to all communities, and 
to many was one of the most important matters that called for the 
attention of the administrative body. As the author indicated, much 
had been done by the Royal Commission to direct the methods of 
attacking the problems of treatment, but much was still left in the 
realm of the unknown, and especially was this the case where disposal 
works were to be built for the treatment of the sewage of newly built 
areas that had developed out of districts for which there had not 
previously been any systematic provision of sewers. In such cases it 
was not known until the works were put into action what strength the 
sewage would have, or how much there would be of it. 'l'he character 
of the sewage might be largely altered by the introduction of some 
industrial process into the district during the period of the construction 
of the works, and at best there must be a great element of chance in 
the case. For this reason the provision of works suitable for small 
communities was more difficult than that of works for the large ones. 
In the latter case the sewers were generally already in use conveying 
the sewage in bulk to a point or points where samples could be taken 
for analysis, and so the information could be gathered upon which 
the rate of filtration and the capacity of tanks were to be based. 
Consequently the indications of the Commission's Fifth Report could 
be used with great advantage. As this was not possible with the 
smaller places to which he had referred, assumptions of both strength 
and quantity had to be made. The wise man assumed enough in 
both directions. In any case it was impossible to forecast with any 
precision, either the strength or the exact quantity of dry weather flow 
to be provided for. Although this position at first seemed rather a 
hopeless one, it was perhaps not really so very serious. 

What one called domestic sewage did not vary very greatly, either 
in strength or amount at the place of production. If, therefore, it 
varied greatly in either or both respects at the place of treatment, the 
variation was due to the addition of other waters, and in the ordinary 
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case such addition produced merely dilution, and possibly some 
improvement by oxygenation. Generally, it would be safe to take an 
arbitrary figure as the quantity above which the surplus might be left 
untreated, and to provide treatment accommodation for everything 
up to that figure. If this were done the actual dry weather flow 
became immaterial, as also did the actual strength. It would be seen, 
however, that the adoption of this method involved the neglect of the 
directions of the Fifth Report, and he was inclined to think that it 
was better to neglect those directions, rather than to attempt to follow 
them in the total absence of the facts which must be known for the 
proper use of them. 

On page 216, under the head of “Cost of Effective Treatment,” were 
the following words :—‘“‘ The total revenue and capital cost for the 
* production of a good effluent.” Presumably by this was meant the 
charges in respect of capital cost and the cost of maintenance, but 
possibly the meaning might not be quite clear to everybody, and 
therefore he ventured to suggest that the author should be asked to 
remove any doubt there might be on the point. The information 
respecting the New York sewage was most interesting, and the 
members of this Society, as of every other Technical Society on this 
side of the Atlantic, must be proud of the fact that in matters of the 
greatest importance the United States found it to its.advantage to 
seek the advice of the author and other experts from this side. 

What the author had said regarding the condition and the treat- 
ment of the rivers, reminded him that the comfort of man depended 
upon digestion, not only within him but also around him. It was a 
striking fact that it had been left to the first city of America to send 
its sewage where, he feared, every municipal authority that had been 
faced with such a problem had desired to send it since such problems 
began to be pressing. 

The latter part of the paper wherein the author dealt with the 
investigations that he and those assisting him were carrying out with 
a view to the recovery of the manurial value from sewage, caused one 
to hope that eventually this oft attempted and oft abandoned object 
might be attained. In all processes of civilization the earlier work 
involved a great waste, and it was only after years, and sometimes 
centuries, of wasteful production that circumstances compelled the 
introduction of economical methods. It might be that they were 
now on the eve of such an introduction, and if the person to introduce 
the successful process should be Dr. Fowler, he was sure that the 
Society would be among the first to offer their congratulations. 
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18th March, 1914. 
FRANCIS E. COOPER, Assoc. M. Inst. C. E, President, 


in the Chair. 


JOHN LESLIE VICARS was elected as a Student. 


“The New Mersey Bar Lightship.” 
By Lieut. J. W. Gracey, R.N.R. 
LIVERPOOL Bay LIGHTSHIPS, 1813-1913. 


BEFORE describing the new lightship now stationed at the Mersey 
Bar, it is interesting to glance back to the time when a “floating 
light" was first established at the Port of Liverpool, and briefly trace 
the developments which have taken place in the local lightships and 
their equipment since that date. 

The question of placing a lightship in Liverpool Bay was first 
discussed in 1811, and on 7th July, in the following year, the 
Committee to the Dock Trustees requested the Shipowners' Associa- 
tion, the Underwriters’ Association, and the Master Pilots of the port, 
to state their opinion as to the desirability of discontinuing the 
lighthouse at Point Linus * and substituting, in lieu thereof, a floating 
light at the North-West Spit of the East Hoyle Sandbank. The 
Committee after considering the replies received, decided to retain 
the Point Linus lighthouse, and in addition to establish a floating 
light. 

In September, 1813, a wooden Dutch galliot of about 90 tons 
displacement was purchased for the sum of £525, and the necessary 
alterations were at once commenced so that she might be placed on 
station before the close of the year. 

This vessel was re-named the ** Good Intent," and her establish- 
ment at the then North-West station on lst December, 1813, caused 
a great sensation in shipping circles, particularly those interested in 


* Now known as Point Lynas. 
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the trade of this port. The log for the opening years of her new 
career gives a vivid picture of the dangers and difficulties met with, 
and the way in which, as time went on, they were successfully 
overcome. Her lantern contained three or four single wick oil lamps 
placed back to back with tinned reflectors. A wooden framework 
was fitted to slide up and down the after side of the mainmast, and 
this held the lantern in position, and at night was hoisted to the 
masthead. It appears that the light was constantly extinguished by 
the force of the wind, and even in good weather the lamps smoked 
badly and had to be cleaned several times during the night. Passing 
vessels unaccustomed to her presence were inclined to stand in too 
close and frequently ran foul of her. The chain cables, although 
specially manufactured for her, parted several times in heavy weather, 
and on one occasion after breaking adrift, the crew manceuvred her 
up the channel under sail, and so escaped being wrecked on the banks. 
Notwithstanding these shortcomings she proved indispensable to the 
growing trade of the port, and served as a lightship until 1836, when 
she was withdrawn and sold for £21. 

Shortly after the North-West station had been established, it was 
found necessary to provide a duplicate lightship that would be ready, 
in case of accident, to take the place of the vessel on station, and also 
to relieve her for periodical overhaul. This duty was at first under- 
taken by the sailing cutter * Aurora,” which at that time was the 
buoy tender and surveying vessel. Meanwhile the “ Good Intent” 
was Closely watched and data collected as to her merits and defects. 
Plans and specifications were prepared, and in 1817 Messrs. Peter 
Quirke and Co. built a lightship named the * Milo," which proved 
very superior to her contemporary. About 1820 the “Comet” was 
launched from the yard of Messrs. Humble &- Hurry. 

The “Formby” lightship station was established in 1834, and this 
necessitated the building of the “North Star” in 1833, and the 
* Meteor" in 1835. The “Meteor” was a splendid vessel, and her 
record is a great testimony to the skill and fine workmanship of the 
builders, Messrs. Humble & Milchrist. During the hurricane in 
January, 1839, her moorings parted, and although a large number of 
fine vessels were lost in the bay, she succeeded in making the river 
under her own sail. She served as a lightship for 45 years, and in 
1880 was converted to a wreck “watch” vessel; in this capacity 
she is still constantly employed, and is now in good condition and 
fit for many years service. 

The “Crosby” station was established in 1840, and to make 
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provision for this, two more vessels were built, the * Queen" in 1839, 
and the “ Albert" in 1840. 

All the lightships mentioned up to date were constructed of oak, 
and it was generaly acknowledged that wood was the most suitable 
material of which they could be built. About 1841 the question of 
substituting iron for wood was first discussed in relation to lightships, 
and met with great disapproval from some of the foremost experts of 
the day. It was thought that an iron lightship would sweat profusely 
inside, and in time become unhealthy for the crew ; others put forward 
the idea that the hull would not be strong enough to withstand the 
strains and shocks which a vessel at anchor experienced in heavy gales. 
The Dock Trustees, however, decided to try the experiment, and in 
1842, the “Prince,” the first iron lightship in the world, was built at 
Birkenhead by Messrs. Laird Bros. 


Her principal dimensions are :— 


Length, between perpendiculars  ... d 99:2 feet 
Breadth (moulded) ... ive Ab m 211 n 
Depth " wes jau nos ^ 19:5 n 
Displacement 200 tons on a mean draft of 9 feet. 


She was placed on the * North-West” station in 1843, and after 
a severe winter in this exposed position, soon dispelled any doubts 
that existed as to her seaworthiness and general practicability. After 
several years experience had conclusively proved these advantages to 
be permanent, the Dock Trustees decided that in future all their 
lightships should be built of iron. The * Prince" remained in the 
service as a lightship for 57 years, and in 1899 was converted to a 
wreck ‘‘ watch” vessel. She passed Lloyd’s survey in 1910, and was 
granted a most flattering certificate. At the present time she is on 
duty as “ watch” vessel over a wreck in the Mersey. 

The next lightship was the “ Tobin," built in 1850. It is interest- 
ing to note that after 44 years service in Liverpool Bay she was 
purchased by the North British Railway Company in 1894, and since 
then has continued her calling as a lightship outside of Silloth 
Harbour. 

The * Bar" station was established in 1873, to replace the Boat 
Bell Beacon at the entrance to the inain channel. 

The lightships built since 1866 are, with one exception, still in 
the service, but space will not permit of considering them at length. 
A list of their names is given so that this paper may embrace all the 
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Liverpool lightships from the establishment of the ** Good Intent " in 
1813 to the “ Alarm ” in 1913 :— 


* Comet ” M" ied he .. launched 1866 
* Sirius ” sa m see zum " 1873 
i Orion di T $4 eae ess " 1873 
* Planet ” -— oe ae ed " 1880 
* Star ? FE. T T me " 1885 
* Alarm ” T T A sis " 1885 
* Alarm ” " 1912 


In the century 1813-1913, a total of 15 lightships were built 
(excluding the ** Good Intent "), and of these :— 
1 was sunk in collision and abandoned, due to extensive damage. 
l was sunk in collision three times, and on each occasion was 
raised and repaired. 
6 were sold out of the service. 
14 were built at Mersey-side yards. 
ll are serving afloat at the present time :— 
7 as lightships ; 2 as watch vessels ; 2 as barges. 


OPTICAL APPARATUS, 1813-1913. 


It has already been mentioned that the * Good Intent" exhibited 
a small fixed light abaft her main-mast head. The ships which 
immediately followed her had somewhat similar fittings, and the first 
improvement of note was a lantern completely enclosing the mast, 
and arranged with an inner casing which allowed the lantern to be 
raised or lowered as required. ‘The light was thus rendered free from 
all obstruction, and the lantern when lowered entered a deck house, 
where the lamps could be trimmed in comfort, irrespective of the 
weather. The lamps themselves underwent great improvement, a 
better system of ventilation was discovered, and they were fitted with 
silvered reflectors, and hinged so that the motion of the vessel under 
ordinary circumstances did not affect the horizontal beam of the light. 
They are known as the “ Argand” type of lamp, and in conjunction 
with Douglass burners are used in a modified form in the majority of 
lightships at the present time. This system of lighting is called 
* Catoptric" (Fig. 1), and embodies the following principles :— 

The rays of light are “reflected.” The flame of the lamp is 
placed in the focus ofa silvered parabolic reflector, so that all the 
backward rays, and some of the forward ones, are caught and reflected 
forward in parallel lines. 


ae —— — - 
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The majority of the forward rays have a large angle of divergence 
above and below the horizontal, and their power is lost altogether at 
long distances, the reflected rays only then being visible. 

The manufacture of glass advanced in rapid strides, and the 
cylinders and glazing of the lanterns were of a purer and more 
transparent nature, which greatly increased the power of the light. 
Up to 1873, however, all the lights were “fixed,” and there was no 
separate "characteristic " whereby one station could be recognised 
from another. On 2nd September, 1873, the * Formby” lightship 
was fitted with a “ Revolving ” light, and this proved a great advantage 
to vessels making the port and uncertain of their position. The 
same kind of lamps were used, and to get the required period of 
revolution they were groyped in several faces. The lamps were 
connected to a movable overhead carrier, which revolved by means 
of a shaft and pinion wheels, driven by clockwork mechanism. In 
time all the other stations were fitted with optical apparatus, exhibiting 
lights of a different “ character." 


Fic. 1. 


Catoptric System. 


Colza oil of various grades was used in the lamps of all the light- 
ships up to about 1887, when a heavy mineral oil was introduced. 
This oil is used at the present time in the lightships fitted with the 
catoptric system of lighting, and has a flash point of not less than 
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250 degrees Fahr., and a specific gravity of not less than 0:828, nor 
greater than 0:832 at 60 degrees Fahr. 

In 1909, the “Comet,” on the * Crosby" station, was sunk in 
collision for the third time, and after she was raised and repaired, it 
was decided to instal a “ Dioptric” apparatus of modern design. 
The foremast which carried the old lantern was removed and a steel 
mast 3 feet in diameter fitted, at the top of which a glazed lantern 
was placed. A lens of refracting and reflecting prisms is carried on 
a pendulum, which is supported in gimbals and steadied by a counter- 
poise weight. "These are in turn supported by a revolving carriage 
driven by clockwork mechanism, the apparatus being designed to give 
a flash of '5 seconds duration every ten seconds. The gimbal fitting 
allows for a swing of 30 degrees from the vertical, without affecting the 
horizontal beam of the light. Refined petroleum is used with a 
two-wick circular burner, and produces a beam of 4,000 candle power 
through the lens. It has already been mentioned that the optical 
apparatus is ‘‘ Dioptric" (Fig 2), and in passing, it is interesting to 
note the main principles of this system :— 


Dioptric System. 


Only one central lamp is used, and it is enclosed by a number of 
“refracting” and “reflecting” prisms. ‘The rays of light are refracted 
or bent in the required direction by the refracting prisms. Inthe case 
of the reflecting prisms each ray of light falling on one side of a prism 
is refracted through it at an angle to another side, and from there it 
is reflected out through the third side in a different direction from 
that in which it entered the prism. 
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The object in view is to have all the rays issuing from the outside 
surface of the prisms and central refractor in one compact parallel 
beam, so that the maximum power is transmitted outwards in the 
same horizontal plane. This requires each prism and the central 
refractor to be manufactured with mathematical accuracy, and the 
setting and focussing entail great delicacy of adjustment. 


Foc SIGNALS, 1813-1913. 


The fog signal for all the lightships from 1813 to 1874 was a 
certain grouping of strokes on a large bell. Under certain atmos- 
pheric conditions the sound had little carrying power, and could not 
be controlled as regards direction. On lst May, 1874, the “ Crosby" 
and “Formby” lightships were fitted with horns sounded by com- 
pressed air. A donkey boiler and compressing plant was fitted in 
each ship for the purpose of supplying the horns with air, and gave 
very satisfactory results. The mouth of the horn was curved over 
from the vertical so that the sound was emitted horizontally, and a 
swivel sleeve in the upright standard enabled the sound to be directed 
to windward. Means were soon devised for regulating the period of 
the blast, and eventually each station was fitted with a horn and 
allotted a separate “signal.” As a fuel, coal possesses many 
advantages, but it is difficult to keep the lightships stocked during 
long spells of bad weather. Another point against it is that, in case 
of a boiler breakdown, the horn cannot be sounded, as the space 
available will not permit of the boiler plant being installed in dupli- 
cate. Within the last year, three of the lightships have had the 
steam engines, &c., removed, and Hornsby oil engine air compressors 
fitted in their place. Each ship has a complete duplicate set as a 
standby in case of breakdown, and the new air storage receivers 
contain an ample supply of air to sound the horn until one of the 
engines is running. 


THE New Mersey “ BAR” LIGHTSHIP ‘ ALARM.” 


The new Mersey “ Bar" lightship “ Alarm " (Fig. 3) was built to 
replace the lightship on the ‘ North-West” station, which was run 
down and sunk by a steamer on 22nd August, 1911. The latest 
lightship then owned by the Mersey Docks and Harbour Board was 
built in 1885, and the design and equipment of a new lightship was a 
question of extreme importance in view of the great developments in 
shipbuilding and engineering which had taken place since that date. 
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FIG. 
Lightship ‘ Alarm.” 
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A large amount of data was at hand, such as general reports and notes 
on the existing lightships, information on special points and the 
scheduled results of experiments. Enquiries were also made from 
several lightship Authorities and Engineers as to their latest designs 
and types of vessels and machinery. The information thus collected 
was of great assistance in helping a final decision to be made in regard 
to some of the principal points at issue. The specifications were 
completed some three months after the date of the collision, and the 
building of the new lightship was subsequently entrusted to Messrs. 
Hawthorns & Co., Limited, Shipbuilders and Engineers, Leith. 

A short description of the “ Alarm” and her equipment is as 
follows, viz. :— 


PRINCIPAL DIMENSIONS. 


Feet Ins. 
Length between perpendiculars on load line ... 104 — 
Breadth (moulded) id — ses i 24 — 
Depth n Jis ais T fed 15 — 
Draft, forward... ids g sss she 10 7 
Draft, aft m s T iei saa 10 10 


One of the principal features of a lightship is the scantlings, 
which are greatly in excess of classification requirements for an 
ordinary vessel of corresponding dimensions. The increase of scant- 
lings is principally on account of the great strains and shocks she has 
to withstand in gales and heavy seas, as she is retained in one 
position by the moorings, and cannot adjust herself to the prevailing 
conditions like a vessel under weigh ; itis also necessary in a minor 
degree to allow for corrosion over a long period of years. Until 
recently it was the custom to build lightships entirely of iron, but 
latterly mild steel has been used in rapidly increasing proportion, and 
at present some Authorities are building their vessels entirely of steel. 

It has yet to be proved if this total substitution of steel for iron 
is a wise policy. A lightship is generally on station for long periods, 
and despite every care and attention a certain amount of corrosion is 
bound to take place, more particularly on the water line. Iron is 
undoubtedly superior to steel in resisting this natural wastage, and in 
the case of the “Alarm” the shell below the sheer strake is of BB 
iron plates, specially rolled and tested by Lloyd’s, and elsewhere she 
is constructed of Siemens-Martin’s steel. The shell plating runs in 
general thickness from  ;%-inch to ;%-inch. The ship has a good 
sheer, giving a useful reserve of buoyancy at the ends and rendering 
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her less likely to ship water in bad weather. The forefoot is cut 
away in a bold curve, the stem bar terminating below the water line, 
and above this point it is replaced by a flanged plate of 48 inches by. 
zs-inch, fitted with heavy bulb angles inside. This smooth surface 
on the outside plating enables the moorings to hang clear, avoiding 
chafe to both hull and cables. The keel is of BB bar iron, 9 inches 
by 23-inch. The frames are of steel angle bulb, 54 inches by 3 inches 
by ;°,-inch, spaced 20 inches apart, and the floors 18 inches deep by 
iginch. The keelson, sister keelsons and side stringers are all of 
heavy section steel bulb angles. The beams are of Butterly bulb 
steel, 6-inches by 44-inches by ,%-inch, and are fitted in the main 
and lower decks on alternate frames. The main deck is of teak, 
5 inches by 34 inches, and the lower deck of red pine, 7 inches by 
24 inches. The rudder is of the single plate type and is actuated 
by patent steering gear, supplied by Messrs. Lynn & Co., Sunderland. 
Six watertight bulkheads are fitted of ;',-inch steel plating, kneed to 
side and lower deck stringers and stiffened by angles 3 inches by 
3 inches by 4*,-inch, spaced 2 feet 3 inches apart. The bulkheads 
are so arranged that the ship will remain afloat with any two adjoining 
compartments full of water. 


Main Deck FirrINGS (Fic. 4). 


Two steel masts are fitted, and arranged so that the wireless 
aerial has the requisite height and spread. They are also necessary 
for carrying the day signal of two red balls, and for visual signalling. 
The deckhouse around the machinery space is 39 feet 6 inches by 
10 feet by 6 feet 6 inches, and provides entrances to the engine room, 
crew’s sleeping quarters, officers’ cabin, winch and wireless rooms. 

A winch of special design by Messrs. Clark, Chapman & Co., is 
fitted in the deckhouse, and forms a novel feature. The cables in the 
majority of lightships are worked by a slow-acting air-driven windlass, 
or a steam capstan placed on the foredeck. Either of these methods 
are suitable for vessels riding to a single cable, but in both cases the 
machinery is exposed to the weather and any sea that may be shipped. 
The * Alarm," like the other Liverpool Bay lightships, has two legs 
of ground moorings, and to handle them easily it 1s necessary to 
provide a clear foredeck. This has been attained by placing the 
winch well aft, and at the same time the deck house in which it is 
housed affords perfect protection from the weather. It works at a 
pressure of 40 lbs. per square inch, and is driven by compressed air - 
supplied by the fog siren plant. 

16 
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The ship is equipped with a Wireless Telegraph Installation; the 
set is of 200 Watts capacity and has a working range of about 
20 miles. The wireless cabin, containing the batteries and instru- 
ments, is in the after part of the deck house. The lightship is in 
direct communication with a wireless station at the Dock Office in 
Liverpool, and the installation is used principally for reporting 
accidents to shipping and vessels in distress. Arrangements, however, 
are now being made whereby all passing vessels can have visual 
signal messages transmitted to owners, via the Dock Office Station, 
and vice versa, messages being received at any Post Office in the 
United Kingdom for transmission. 

Two lifeboats are fitted on skids abaft the deck house, and on a 
level with the main rail. A 6-inch Downton pump is fitted on deck, 
and is the main fire pump; it is also connected separately with each 
compartment except the after peak, which is very small Suitable 
fittings are supplied so that fresh water may be pumped from a 
vessel alongside, if necessary. 


LowER DECK FITTINGS. 


The forepeak contains the chain locker for the spare cables. The 
next compartment forms the day quarters for the crew, and below is 
the coal bunker, with a capacity of about 15 tons. Abaft the day 
quarters is the sleeping accommodation for the crew. Under the 
lower deck four fresh water tanks are placed, holding 1,500 gallons. 
The engine room is the next compartment aft, and contains the fog 
siren plant, which will be dealt with later on. Abaft the engine 
room is the oil room, containing 9 large cylindrical tanks with a 
total storage capacity of 1,800 gallons, which represents a six months’ 
supply. Refined petroleum with a flash point of not less than 150 
degrees Fahr. and a specific gravity of 0°815 at 60 degrees Fahr. is 
used in the optical apparatus and the air compressing engines, one 
grade of oil being suitable for both purposes. A copper outlet pipe 
carries the oil through the bulkhead and round each side of the 
engine room to convenient positions at each engine. The inlet pipes 
lead from the main deck to the tanks, and suitable connections on 
deck allow the oil to be conveniently emptied from casks. The 
entrance to the oil room is through a small watertight hatch on the 
port side of the main deck. 

The next compartment is the officers’ quarters. On the after 
part is the saloon, running the full breadth of the ship; it is com- 
fortably furnished and lighted from a deck skylight, in addition to 
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side ports. The storeroom is situated abaft the cabin, and has a 
steel lower deck, covered with cement. The after peak is used as a 
paint locker, and, like the storeroom, is fitted with a watertight 
hatch on deck. 


CABLES AND ANCHORS. 


The main moorings consist of 12-inch long link chain cable, and 
were specially manufactured for the ship by Messrs Henry Wood 
and Co., Limited, Saltney. This chain was subjected to a proof strain 
of 374 tons, the breaking strain being not less than 75 tons. The 
anchors used are Rodger's Improved Box Stock type and weigh 40 
cwts. each. The moorings are arranged in two legs, run out in 
opposite directions, on a line about N.W. by W., as it is from this 
quarter that the majority of the gales blow and the heaviest seas may 
be expected. The North-West leg consists of 165 fathoms and the 


Fic. 5. 


Mooring Swivel. 
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South-East leg 120 fathoms. The mooring swivel (Fig. 5) is a new 
type, having a breaking strain of about 150 tons, and is very compact 
and easily handled. The swivel is slung from the main hawse pipes 
by two 8-fathom bridles of special 23-inch short link chain, the lower 
ends being shackled to the links in the top of the swivel. These 
bridles are made fast by taking five round turns with each on two 
single mooring bollards fitted on deck about 8 feet abaft the top end 
of each hawse pipe. The two ends of the bridles are lashed together 
on the after side of the bollards, and in case of emergency can be 
easily slipped by one man. The top ends of the two legs of mooring 
chain are shackled to the links in the bottom of the mooring swivel, 
sufficient slack being left to enable the vessel to ride easily in heavy 
weather. 

The spare moorings consist of 200 fathoms of 1}-inch studded 
chain cable, which is divided into two legs for the port and starboard 
sides. The anchors weigh 17 cwts. each and are stowed on sloping 
billboards on each bow, and fitted with slip releasing gear. 


OPTICAL APPARATUS AND LANTERN TOWER. 


The efficiency of a lightship depends to a great extent upon her 
providing as far as possible a steady platform for the light, and the 
question of her stability thus becomes a most important element in 
the design. Riding by the cables in a heavy sea, her movements are 
largely governed by the horizontal distance from crest to crest of any 
two successive waves, combined with the angle between the direction 
of the wind and that of the tide. Under certain conditions these 
tend to produce a maximum effect of irregular movement, so it is at 
once apparent what a vital factor her stability is. Until recently it 
was considered that to ensure a lightship having the minimum 
tendency to roll, it was necessary to provide for a low metacentric 
height. The Corporation of Trinity House, after many years 
experience, have decided that about 14 to 15 inches is the correct 
amount. Recently, however, Mr. Idle, the Naval Architect for the 
Irish Lights Commissioners, has suggested in a paper * read before 
the Institution of Naval Architects, that in the case of lightships, 
the metacentric height is not such a pronounced factor. His later 
vessels have a greater metacentric height than the 14 to 15 inches 


* This paper was read on 28th March, 1912, and contains the results of a 
systematic series of experiments carried out on board Mr. Idle’s lightships, 
and also with models, at the National Laboratory. . 
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before mentioned, and very large bilge keels are fitted to get the 
steadiness required. 

The transverse and longitudinal stability of the ** Alarm” required 
very careful calculation on account of the unique character of the 
optical apparatus. The steel supporting tower and the lantern form 
a permanent structure, which together with the contained machinery 
weighs nearly 20 tons. The dome of the lantern stands 48 feet 
above the keelson, so thus a large proportion of this weight is 
above the waterline, and the surface area exposed to the wind is 
considerable. 

It was known when the vessel was first designed that, with her 
complete equipment in place, ballast would be required to obtain the 
desired draft. The ship was inclined shortly after launching, to test 
her stability, and ascertain approximately how the ballast should be 
placed, so as to provide for the required metacentric height. During 
the time she was fitting out, several other tests were made, and 
resulted in the following course being adopted, viz.:—About 35 tons 
of concrete were run into the engine room limbers, and carried up 
solid to the top of the floor plates. A corresponding weight of iron 
pigs was distributed in the adjacent compartments, the majority of it 
being stowed above the level of the ceiling boards. When the ship 
was completed and ready for sea, with all her stores and crew on 
board, she was again inclined, and the metacentric height worked out 
at 16 inches to 164 inches, which was the desired amount. 

Apart from the question of initial stability, bilge keels of very deep 
section are not considered essential for the lightships in Liverpool 
Bay, as past experience has proved that the strong tidal currents 
prevailing exert a considerable steadying influence with bilge keels 
of moderate depth. The “Alarm” is fitted with bilge keels for 
$ths of her length amidships, composed of iron bulb plate 
11 inches by 32-inch, double rivetted to a tee bar 6 inches by 
5 inches by i$-inch. 

She was placed on the “ Bar" station on Ist May, 1913, and her 
subsequent behaviour in bad weather has been very satisfactory. 
Practically no water has been shipped and the maximum movement, 
as recorded by mercurial clinometers, very rarely exceeds 15 degrees 
from the vertical. 

Before describing the optical apparatus in detail, it is perhaps as 
well to consider the meaning of the term “order” as applied to lights. 
Lighthouse and lightship apparatus are divided into various orders 
according to their focal distance, i.e., the distance from the centre of - 
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the flame to the inner surface of the lens. They are classified as 


follows, viz. :— 
Focal Distance 


in Millimetres. 
1,330 
1,125 
920 
700 


Order. 
Hyper-radial 
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The contract for the whole of the optical apparatus and the 
lantern tower was placed with Messrs. Chance Bros. & Co., Limited, 
the well-known lighthouse engineers of Birmingham. The lighting is 
on the “dioptric ” system, of which previous mention has been made. 
The optical apparatus (Fig. 6) is of the ** Small 3rd Order” size, and. 
at the time the vessel was built it was the largest dioptric installation 
ever fitted in a lightship. It was also the first of this type to be 
used in conjunction with the incandescent vapourised petroleum 
system of lighting. It has a focal distance of 375 m/m and com- 
prises three panels of refracting and reflecting prisms (Fig. 7). Two 
of the panels subtend a horizontal angle of 99 degrees each, and 
the other an angle of 81 degrees. There is also a dioptric mirror of 
81 degrees horizontal angle, and 500 m/m focal distance ; it is placed 
directly opposite the central flashing panel and is for the purpose of 
strengthening it. ‘The reflecting prisms on either side of the dioptric 
mirror form portions of the two outside flashing panels, and reflect 
the light from the burner in the same direction as the lenses and 
refractors of these panels. The lenses and prisms are of the very 
finest lighthouse glass, ground with mathematical accuracy and 
afterwards polished to a state of great brilliance. The apparatus has 
a triple flashing “characteristic,” giving 3 flashes every 30 seconds, 
each flash being of ‘58 seconds duration, with an interval of 4:08 
seconds of darkness between each flash. The pendulum which 
carries the lenses and burner is supported by a steel table carried 
by a gimbal ball bearing, which itself is supported by a carriage fitted 
with horizontal and vertical rollers, all supplied with ball bearings. 
The top table of the carriage is provided with a gunmetal race wheel, 
which is actuated by means of a bevel pinion in connection with a 
horizontal and vertical shaft, driven by clockwork mechanism. The 
clock is placed on the lantern floor and driven by a falling 
weight, fitted with sheaves on each face for travelling in the guide 
frames down the inside of the tower. "The lower part of the pendu- 
lum contains the receptacle for the oil and compressed air. One 
filling of oil is sufficient for the longest night, and the pressure is 
supplied either by a hand pump or direct from the main storage 
receivers. The incandescent burner at the top of the pendulum 
carries a mantle of 55 m/m diameter and produces a beam of 
approximately 35,000 candle power through the lens, with a vertical 
divergence of six degrees above and below the horizontal The 
standby auxiliary illuminant consists of a powerful two-wick capillary 
lamp, which can be fitted in a few minutes, and is stowed in a carrier 
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close at hand in the lantern tower. The gimbal carriage and 
pendulum are designed to give a swing of 45 degrees either side of 
the vertical, and the amount of the actual swing is partially governed 
by movable counterpoise weights. A circular wooden fender is 
fitted inside the lantern, and the base of the pendulum is covered 
with a heavy rubber buffer, to take the shock of contact in cases of 
extreme movement during very bad weather. The lantern is fitted 
with internal and external galleries and a balustrade, also a ladder 
for access to the outside of the lantern from the top of the deck-house. 
When the apparatus is not at work, and also for cleaning purposes, 
it is held rigid by three stays which fit into sockets on the pendulum 
casing. One of the stays is provided with a screw coupling for 
tightening the whole together. A further set of locking gear is 
provided between the top of the revolving carriage and the table 
carrying the lenses. The whole of the apparatus is contained in a 
steel lantern, glazed with $2-inch plate glass, and has an external 
diameter of 9 feet, the lower part tapering to 7 feet. 

The lantern is supported by a circular steel tower, 26 feet 6 inches 
by 7 feet by 2-inch, which is strengthened by eight vertical bulb tees 
extending the full height; also by two steel floors supported by bulb 
tees, one at the base of the lantern and the other at the level of the 
main deck. 

The base of the tower rests on a special steel bed on the top of 
the floor plates, and is fastened by a ring of angle steel, 5 inches by 
5 inches by £-inch. At the level of the main deck it is fitted with a 
similar angle ring and strengthened by tie plates and brackets to the 
beams. Where the tower passes through the top of the deck-house 
there is a clearance of 2 inches all round, the tower having no con- 
nection with the deck-house. Immediately above this level a broad 
sloping hood is fitted on the tower as a protection from the weather. 
Eight flexible steel 44-inch wire stays are fitted at equal intervals as 
preventer supports to the tower. A spiral staircase with handrail runs 
the full height of the tower, with doors opening into the deck-house 
and engine room. 

The approximate weights of the different parts of the apparatus 
are as follows, viz. :— | 


l Tons Cwts. 
Tower she T eus is or 11 = 
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Lamp, Pendulum, Carriage and Clock ... 2 1 


X 


rn \ 
§ sr 1 
A A, ^ 
" », 
fs ; 
ne 


A um Ss a 


wa an ‘se 
=— = 


Fic. 8. 
Bar Lightship Fog Signal. 


Bits Google 


GRACEY ON THE NEW MERSEY BAR LIGHTSHIP. 251 


Foc SIREN PLANT. 


The fog siren apparatus (Figs. 8 and 9) was also supplied by 
Messrs. Chance Bros. & Co., Ltd., and is designed to give a blast of 
2 seconds duration every 20 seconds. The air compressing plant is 
in duplicate, one set being always available in case of a breakdown, 
as each unit is of sufficient capacity to sound the fog signal. 

Each set consists of a Hornsby 11 B.H.P. horizontal oil engine, 
coupled direct to a double-acting single-stage compressor, and 
mounted on a combination bedplate. The engine and compressor 
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cylinders are cooled by sea water, circulated by a pump driven off the 
crankshaft. The compressors discharge into two large storage 
receivers, each of which has a capacity of 100 cubic feet, and is 
always kept charged at a pressure of 100 lbs. per square inch. This 
supply is sufficient to sound the fog signal for about 15 minutes, which 
allows ample time to start one of the engines. The engines are 
started by means of compressed air from the storage receivers, but a 
hand pump and container are provided in case this supply is not 
available. | 

The compressed air is led through steel pipes of large diameter to 
the sounding receiver, and enters it through a reducing valve at a 
pressure of 25 lbs. per square inch. The siren is 5 inches in diameter 
and gives a note of 182 vibrations per second, which corresponds to 
upper F sharp in the bass clef. The admission of air to the siren is 
regulated by a pilot valve, operated by a special weight-driven clock 
with a governor, which maintaius the accuracy of the sounding 
periods. The trumpet has a copper mushroom head 4 feet in 
diameter and stands 14 feet above the top of the deck house. An 
autographic recording instrument is fitted for registering the time and 
duration of the blasts. 


SUBMARINE SIGNAL APPARATUS. 


The submarine signal apparatus was supplied by the Submarine 
Signal Co., New Broad Street, London. The first light-vessel in 
British waters to have their apparatus installed was the ship on the 
North-West station in 1906, and the Bar station was similarly fitted 
in 1907. 

The “ Alarm's" transmitting plant consists of an air-driven code 
regulating valve, which determines the frequency and character of the 
submarine signal, and a pair of submarine bells ; one set constitutes 
a standby in case of breakdown. The bell is suspended over the side 
by a chain from a davit and submerged to a depth of 18 to 20 feet. 
A twin rubber hose pipe of suitable length connects the bell to the 
compressed air system. The bell, hammer, and case containing the 
striking mechanism are of bronze, the lower part of the case forming 
a supplementary reservoir for the compressed air. The operating 
mechanism is situated within the upper part of the case and consists 
of a main rubber diaphragm, to the lower part of which is attached 
the pull rod that actuates the hammer. 

Attached to the housing of the main diaphragm is a smaller 
impulse diaphragm, with housing, which actuates the main admission 
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valve. The upper part of the bronze case also constitutes an exhaust 
air chamber. One of the twin hose pipes supplies compressed air 
directly to the supplementary reservoir in the bell case; the other is 
connected at one end to a copper pipe leading to a small diaphragm, 
and at the other end to the code valve. 

When the compressed air is admitted the code regulating valve is 
set in operation ; a jet of air passes down the impulse pipe to the 
impulse diaphragm, which is extended, thereby lifting the main air 
admission valve. <A supply of air then rushes from the supplementary 
reservoir to the underside of the main diaphragm, lifting it very 
quickly, and thereby causing the hammer to strike a smart blow upon 
the bell. 

The code valve, having returned to its normal position and 
established communication between the hose pipe and the atmosphere, 
allows the jet of air to escape. On the bell being struck by the 
hammer the sound vibrations set up are transmitted through the water, 
and can be picked up by any vessel within range which has a receiving 
apparatus on board. "The bell sound can be heard at a distance of 
about 15 miles from the Liverpool Bay lightships, but in deeper water 
the range is increased. 

The Submarine Signal Co.'s receiving apparatus consists of two 
cast-iron receiver tanks securely fixed against the skin inside the ship, 
one on each bow, and as far below the water line as possible. Each 
tank contains two microphones of special construction, and the bell 
sound passing through the sea is transmitted to them. Electric 
wires lead from the microphones to an indicator box, situated in the 
wheel house or the chart room. This box is provided with two 
telephone receivers and a “ port" and “ starboard " switch. 

In foggy weathera vessel uncertain of her position and wishing 
to pick up a transmitting station, stops her engines or at least reduces 
speed. The officer on watch switches the apparatus, say, to the 
starboard side, and listens for the sound of the submarine bell. If no 
signal is heard the switch is reversed to the port side. Supposing a 
signal is heard on the port side, then the vessel's head is slowly turned 
in that direction, When bearing nearly right ahead the sound is 
deflected and cannot be heard, and the direction of the ship's head 
is then carefully noted by compass. The vessel now continues to 
turn in the same direction until the sound of the bell is heard on the 
starboard bow ; the turning movement is then reversed, and she 1s 
slowly swung to starboard, the direction of the ship's head being 
again carefully noted when the sound of the bell is lost. The 
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mean of the two bearings will give the approximate direction of the 
lightship, but to ensure accuracy, the manceuvre described should be 
repeated. | 

This concludes a description of the new Mersey “ Bar" lightship 
* Alarm," and the various apparatus included in her equipment. 
It is not claimed that she represents a new type of lightship, but 
many novel features and improvements were introduced in her for the 
first time, and have proved very successful. 


The Paper was illustrated by numerous views and plans, some of 
which are reproduced as illustrations in the text. 


Qt 
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DISCUSSION. 


The PRESIDENT, in moving a vote of thanks to the author, said 
that the paper was a very valuable one and the historical portion most 
fascinating. One could not help being intensely interested in the 
description of those small beginnings, which had culminated in such 
an excellent example of lightship as the one which had been put 
before them by Lieut. Gracey. It was just a hundred years ago since 
the first lightship was placed in position in the Mersey, and when it 
was borne in mind that the battle of Trafalgar had then only recently 
been won, and that the battle of Waterloo had not yet been fought, 
it reflected great credit on the courage, energy and determination of 
the dock authorities and their officials of those days who were looking 
ahead and with full confidence preparing for the future needs of 
the Port. 

The log of the “Good Intent” during her early years must have 
been a most interesting document. 

Commander F. W. Mace, R.N.R., felt that he could not be 
expected to criticise the New Bar Lightship, for which he had been 
responsible. Referring to the installing of a third order light 
mentioned by the author, a fourth order, or perhaps a fifth order light, 
might have done so far as candle-power was concerned, but there was 
another question to be considered, and that was, intensity. It was 
possible to get 35,000 candle-power with a fourth order, but the 
intensity would be reduced by using a larger lantern. It was decided, 
therefore, instead of using a fourth order, to use a small third order, 
and the result was that vessels could pass close to the lightship and 
see through the beams of light the side lights and the mast head 
lights of other vessels approaching them. Another question which 
might arise, was whether it was necessary to have 35,000 candle-power, 
because 12,000 candle-power could be seen on a clear night up to the 
limit allowed by the curvature of the earth, but it was in misty weather 
that this light was required. If 12,000 candle-power could be seen a 
mile, 35,000 candle-power might be seen two miles, and it made all 
the difference during misty weather, and in designing a light for a 
lighthouse or a lightship, it was necessary to provide more candle-power 
than was actually required. Not to do so would be like an engineer 
designing a bridge or other work and omitting his factor of safety. 
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. In the Mersey there was great trouble from fog—not the ordinary 


thick wet fog, but the smoky atmosphere of Lancashire, which was in 
evidence even as far as Ormes Head and Point Lynas. It was this 
smoky atmosphere which made it necessary to provide powerful 
lanterns. The lightship had of course foghorns, but even with the 
most powerful ones trouble was experienced, because of the acoustics 
of the atmosphere; one ship might be a mile away and not hear the 
horn, whilst another ship 5 or 6 miles away could hear it. That 
difficulty had been to a certain extent overcome by means of sub- 
marine bells by which the sound was carried more rapidly through 
the water than through the air. It was interesting to know that 
records existed in the French Lighthouse Department of experiments 
made with submarine bells nearly 100 years ago, but unfortunately 
they were at war with England at the time, and probably some naval 
engagement upset their calculations. Some 12 or 15 years ago 
Mr. Stevenson, of the Northern Lights Board, started experiments in 
connection with submarine bells. His apparatus was a steel bar 
immersed at one end. The shore end was struck and the sound was 
carried down the bar into the water, and could be heard at a con- 
siderable distance. 

In connection with the dioptric system the author had explained 
the working of the pendulum, which had given some little trouble, and 
showed how theory and practice must work together. The pendulum 
was designed for a period of 11 seconds, and for an angle of roll of 
45 degrees. Occasionally, the pendulum struck the side of the lantern 
tower. This was probably caused by the fact that the ship had a 
very quick movement, which gave the pendulum a momentum 
which did not synchronise with the movement of the ship, and 
caused it to strike the side of the lantern tower. The only way 
to make it workable was by trial and error, and the pendulum 
weights were adjusted until at the present time the pendulum 
worked well. 

Lights were of four kinds—landfall or making lights which 
required to be very powerful, and of considerable altitude to get over 
the question of curvature. Such were used at Ushant, the Lizard, &c. 
Then there were warning lights, and coasting lights, and harbour 
lights. The lighthouse was preferable to a lightvessel, because its 
light was more steady, it could be seen further, and did not move 
from its station. Against that the initial cost was greater. The 
difference in cost between a lighthouse and a lightvessel was not 
really great, because the depreciation on the cost of a lighthouse was 
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spread over a long time, the upkeep was small, and about four keepers 
were required, whereas the lightship required a crew of about 13, 
the upkeep was greater, and the life of mild steel ships was not much 
more than 25 years. The lightship could be divided into classes, viz., 
the deep sea lightships, such as were used in America, and which had 
their own propelling machinery; the channel lightships, which did 
not carry their own propelling machinery because they were stationed 
so close to shore and easily towed into position and removed ; the 
river lightships such as were in use in the Mersey, Thames and 
Humber, and which performed two duties, viz., they were useful to 
steer by from point to point in a channel, and they also served the 
useful object of dividing the traffic; there were also the lightships 
such as those employed in the Upper Humber, and Upper Mersey, 
which were really flats with a small dioptriclight. Whilst agreeing with 
the President that great advances had been made in the last hundred 
years, there was still a long way to go in the direction of unmanned 
lightships and lighthouses, but the difficulties were considerable, as 
what was wanted was a reliable automatic light and fog signal. 
Experiments had been recently made of using gas to actuate the fog 
signal, and after it had done this work, to be consumed in the lantern. 
Other experiments with an automatic acetylene gun had been made 
by the Northern Lighthouse Commissioners. 

Mr. E. C. GIvEN observed that his experience in regard to light- 
ships had been confined to the Naval Architects’ side of the question, 
and principally to those which had been in trouble. He had been 
sorry to observe that in the year 1813 the Liverpool harbour 
authorities evidently did not believe in supporting home industries, 
but commenced with a Dutch vessel. A most interesting point, to his 
mind, was that the stage had now been reached when it was possible 
to use the same class of oil for the lanterns and for the engines. 
The author had stated that * where the tower passes through the 
* top of the deck-house there is a clearance of 2 inches all round,” 
and Mr. Given wished to know whether that was for ventilation of the 
engine room or not. There was no mention of any duplicate clock- 
work for driving the lamps or regulating the fog signals. 

Mr. Joun DyKEs remarked that the principal point which had 
occurred to him in listening to the interesting paper was to find the 
reason why steel had been used in place of iron in building the new 
lightship. It was well known from past experience that consider- 
able corrosion occurred in vessels made of steel as compared with 
iron vessels. 
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Mention had been made of an iron lightship built by Messrs. 
Laird Bros., in 1842, about 72 years ago, and which on being sur- 
veyed by a colleague of his about three years ago, was found in good 
condition, and which was at present still doing good service on the 
Mersey as a watch vessel over a wreck. This in itself was a flattering 
testimonial in favour of iron. If this old vessel had been made of 
steel he was certain that she would have been scrapped many years 
ago. In the face of this he could not help wondering why steel had 
been substituted for iron, unless as was often the case now, it was 
difficult to get delivery of iron, owing to the small quantity of iron 
plates being made, as compared with steel plates. 

It was quite a different matter to build a merchant vessel of steel, 
the scantlings being made much lighter than in those of iron, as steel 
plates for ships ran in tensile strength from 28 to 32 tons per square 
inch, compared with iron, from 16 to 20 tons per square inch. The 
steel vessel therefore could carry more on the same dimensions, and 
although the corrosion was much greater in steel, yet a merchant 
vessel was not expected to last as long as a lightship, as the former 
became obsolete in about 15 to 20 years. ‘This was not so in the 
case of the lightship, against which there was no competition, and 
lightships were built to last. Steel plates, when first introduced for 
shipbuilding purposes, were reduced in thickness 25 per cent. on 
account of the greater tensile strength of steel as compared with iron, 
but it was found by experience that this was too much, and it was 
then reduced to 20 per cent. 

Mr. W. BRopiE considered that the historical records contained 
in the paper were most interesting. He remembered reading a 
description, by Washington Irving if his memory was correct, of his 
experiences while entering Liverpool from the States in the old days 
of sailing ships, which had brought out very vividly the perils of ships 
amongst the shoals and sandbanks in those days. The change from 
sail to steam and from vessels of small individual tonnage to those 
of immense capacity had done away with some of the dangers, but the 
amount and importance of the traffic continued to demand ever 
increased care, and the harbour authorities had continuously improved 
their lights and buoying until at the present time there were perhaps 
no better lighted ports than Liverpool. There appeared to be many 
points in the new lightship which showed tremendous advances in the 
practice of lighting. The adoption of the incandescent light was one, 
and it would be interesting to know the shape and form of the mantle 
used. The fact that that beautiful system of lighting had been applied 
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so successfully in such a case and in similar cases all over the shores 
of this country and other civilised countries, was a most interesting 
one. He would like to know what the approximate life of the mantles 
was, whether they were changed at regular periods, and whether 
they failed during the hours of lighting, and if so what time it took 
to change a mantle, or whether their renewal at fixed periods provided 
all that was necessary. 

Mr. B. G. OXFORD, referring to the adoption of steel, expressed 
the opinion that iron corroded much less than steel, but his 
experience was that the wastage of ships was more internal than 
external, and in a vessel of this class there should be no reason for 
neglecting regular cleaning and painting. The scantlings also were 
very much in excess of those of an ordinary vessel of the same size, 
and therefore the corrosion would not be so great, as there would not 
be the same spring in receiving shocks, which tended to throw off the 
paint and to open up the riveted parts, so that this vessel should be 
good for considerably more than twenty-five years, by which time she 
probably would be out of date. 

Referring to Commander Mace's remarks about the cumulative 
action of the pendulum, he should have thought that the difficulty 
might have been overcome by some arrangement of light springs. 
Probably a gyroscope apparatus would be the ideal thing, but it would 
entail continuous driving power.. 

Mr. J. R. Davipson thought that the point which Commander 
Mace had mentioned in regard to the pendulum was very interesting. 
It appeared to him to bea case of unstable motion. Commander 
Mace had attributed it to the period of the swing of the pendulum not 
synchronising with the period of the roll of the vessel. Was it not 
more likely that it was because the periods did synchronise? Many 
years ago a paper had been read before the Society by the late 
Professor Dunkerley, on the Whirling of Shafting, in which it was 
shown that this action was due to unstable motion. In the same 
paper several illustrations of similar phenomena were given. To set 
up a condition of unstable motion did not necessarily require that 
the periods should be exactly the same; a multiple of the period 
would be sufficient, or what corresponded to a harmonic note, as in 
the case of the vibration of a violin string. 

The PRESIDENT said that the only question he would ask was as 
to the object of the silencer in the engine room. 

The AUTHOR, in reply, stated that the log of the “ Good Intent” 
was written in a simple and dignified style, and contained most 
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interesting facts regarding the trade of the port and passing vessels. 
The Committee to the Dock Trustees sent the Harbour Master to 
Ireland in 1812 to inspect the ** Kish” lightship, which had been 
established a short time before to mark a sandbank outside of Dublin 
Bay. She was a Dutch built vessel of the galliot type, and was 
favourably reported on. This no doubt influenced the Dock 
Committee in their choice of a vessel for Liverpool Bay, as the 
“Good Intent" was practically a replica of the “ Kish” lightship. 
From the log it would appear that passing vessels ran into her, on an 
average, once a month for the first year she was on station, and the 
moorings parted frequently through stress of weather. 

The clearance of 2 inches between the top of the deck-house and 
the lantern tower was to allow for any springing tendency in the 
latter during bad weather. Taking into consideration the height of 
the tower, and the fact that over half the total weight was above the 
point in question, the deck-house would doubtless have been 
strained when the vessel was rolling heavily, had the tower been 
connected to it. The primary object of the deck-house was to provide 
a shelter for the machinery and also protected entrances to the crew's 
and officers’ quarters, incidentally, the aperture formed an excellent 
auxiliary ventilator for the engine room. In case of emergency the 
light could be revolved by hand, either direct from the lantern com- 
partment or from the deck-house, by means of a vertical shaft and 
pinion wheels. 

Mr. Dykes had raised the question of why steel had been 
substituted for iron in certain parts of the new lightship. The whole 
matter was considered before the specifications were completed, and 
it was generally agreed that in view of the small quantity of iron now 
manufactured it would be practically impossible to obtain all the 
various sections required. During the building of the ship quite a 
number of the iron plates failed to pass the test, although they were 
specially manufactured. The bottom of the sheer-strake was well 
above the water-line and did not form part of what was commonly 
called the “between wind and water" plating. The watch vessel, 
* Prince," which was }72 years of age and still in good condition, 
was built entirely of *Low Moor" iron. Corrosion was bound 
to take place, but in a lightship it was experienced in a minimum 
degree on account of the care taken while the vessel was on 
station, and the regular system of dry docking and overhaul at 
stated periods. The great increase in the scantlings was a further 
safeguard. 


DISCUSSION ON THE NEW MERSEY BAR LIGHTSHIP. 261 


Mr. Wm. Brodie had mentioned the mantles used with the 
vaporised petroleum system—they were something similar to an 
ordinary gas mantle, both in texture and shape, but were of a superior 
quality. The life of a mantle was somewhat erratic, owing to sudden 
changes of temperature, as well as to the behaviour of the ship. During 
the previous month only eight mantles had been used, as compared 
with 18 the month before. A spare mantle was always kept close at 
hand on a metal carrier, and in case of a failure it could be placed in 
position in a few seconds, during which the light would not be visible. 
In cases of extreme movement when the base of the pendulum at 
times touched the tower, the mantles were sometimes broken, but 
under ordinary circumstances they were not affected by the ship 
rolling. Some difficulty had been experienced in regard to the supply 
of oil from the container, but this had been successfully overcome. 
At first the container was charged to a pressure of 65 lbs. per square 
inch and this was sufficient for a night of normal duration, but on the 
approach of winter it was found that the pressure became reduced 
towards morning. ‘This was rectified by increasing the pressure above 
65 lbs. before lighting up at night. 

Mr. Davidson had raised a very interesting and debatable point 
regarding the motion of the pendulum, and he would not like to 
express an opinion on it. The question as to whether the swing of the 
pendulum synchronised with the roll of the ship or did not, was only 
applicable to what might be termed ordinary movement. The 
pendulum was suspended with the greater length below the gimbals, 
and in the case of erratic side movement caused by the swell of a 
passing vessel or an abnormal wave, the lower portion of the pendulum 
had a tendency to lag behind and come into contact with the lantern 
tower. 

The President had mentioned the silencers and their position. 
They were provided for the comfort of the crew, and to deaden 
the noise. The silencers were subject to a great range of alteration 
in temperature, and had they been placed on the top of the 
deck-house and exposed to the weather, they would have corroded 
rapidly. 


CORRESPONDENCE. 


Mr. J. F. RAMSBOTHAM considered that the author's description M 


of the latest development of lightships at Liverpool was interesting, 
more particularly so as he had traced the development of lightships 
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on the Mersey from their infancy. One fact forcibly struck one; 
those responsible for the development and maintenance of the port 
had always been alive to their responsibilities and had always been 
willing to provide the requisite funds in order to safeguard the interests 
of shipping. It could very easily be seen that the safeguarding of 
shipping in a most difficult Bay had been thoroughly maintained and 
the element of chance reduced to a minimum. It would certainly 
add to the value of the paper if the author were to add a chart of the 
Bay for the “ Transactions,” showing the position of the lightship and 
the other facilities provided for navigators. 

The paper lacked two important pieces of information, viz. :— 

(1) What was the prime cost of the following items :—The vessel, 
lantern and optical apparatus, wireless telegraphy, submarine signal 
apparatus and fog siren? 

(2) What did the vessel cost to run and maintain, irrespective of 
interest and depreciation charges ? 

To anyone interested in the subject of the paper these questions 
were of supreme moment, and Mr. Ramsbotham trusted that the 
author would see his way to supply the information. 

At the present time Mr. Ramsbotham had included in this year’s 
estimates for the Commonwealth of Australia two lightships for service 
in the tropics on the Queensland coast. It was intended that the 
lights should be unattended. There were many reasons for this, the 
foremost one being that the conditions of life for the attendants was 
intolerable in the tropics. 

In passing, Mr. Ramsbotham could not help but think that the 
Dock Board would have been wise to have provided an unattended 
light similar to that constructed by the *A.G. A." Company of 
Sweden. The first cost and running charges would have effected 
startling economy and at the same time ample efficiency would have 
been provided. Neither the height of the focal plane nor the range 
of the light had been given by the author, but the dome above the 
kelson was given as 48 feet, and assuming the focal plane to be 35 feet 
above water, and allowing the bridge of the approaching vessel to be 
15 feet above the water, then the range of the light was about 
102 nautical miles. 

As the candle power of the light was 35,000, one could Heatly 
see that it was considerably in excess of what was normally required. 
In fact, as vessels had to pass quite close to the light, its brilliancy 
might possibly embarrass navigators. Possibly fogs might have 
influenced those responsible, but at the same time Mr. Ramsbotham 
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maintained that a smaller candle power would have been sufficient, 
bearing in mind the other aids to navigators provided. 

The Commonwealth had recently erected two “ A.G.A.” unattend- 
ed lights at Cape Liptrap and Citadel Island. The characteristics 
and particulars of the lights were as follows, viz. :— 

Cape Liptrap.—5,000 candle power, range 23 miles. Character- 
istics—one double flash every 10 seconds; flash, 4 second ; eclipse, 
14 seconds ; flash, 4 second ; eclipse, 74 seconds. Unwatched. 

Citadel Island.—2,700 candle power, range 15 miles. Character- 
istics—one flash every six seconds; flash, 4 second; eclipse, 
54 seconds. Unwatched. | 

In both lights acetylene gas was used. The reports from navigators 
of liners using this route (Orient Line, &c.) had been most satisfactory 
and encouraging. From the particulars given by the author the flash 
for the Bar Lightship worked out at ‘69 seconds and not ‘58 seconds 
as stated. Possibly there might be some reasons for the difference 
and it would be of interest if the author would state them. It would 
also be of interest if the author would state how the incandescent 
mantles had behaved when the vessel was in a heavy sea. 

Mr. Ramsbotham would suggest that the drawings should be 
made clearer for inclusion in the “ Transactions” of the Society, as 
they had been reduced to such an extent as to be indistinct; and, 
if he might suggest it, another paper by the author on the lighting 
of Liverpool Bay would be both interesting and instructive. In 
putting forward this latter suggestion Mr. Ramsbotham remembered 
reading in the minutes of evidence of a Royal Commission in 
1908 on Lighthouse Administration, that the work performed by the 
Mersey Docks and Harbour Board was a fair object lesson to other 
administrations. 

The AUTHOR, in reply to Mr. Ramsbotham, stated that the focal 
plane of the * Alarm's" light was 32 feet above the waterline, and the 
range in clear weather 11 miles, but the loom of the light had been 
seen at a distance of 20 miles Commander Mace had already 
explained that the high candle power was necessary on account of the 
Mersey smoke mists. Another reason was that a port with the 
enormous traffic of Liverpool required a powerful floating light in the 
vicinity of the sea entrance to the main channel, as the station was ata 
considerable distance from the nearest land and the establishment of a 
lighthouse was an impossibility. The particulars of the two unattended 
lighthouses mentioned by Mr. Ramsbotham were very interesting, and 
would be borne in mind, but an unattended lighthouse could not be 
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The Author compared with an unmanned lightship, in relation to the port of 
Liverpool. The characteristic of the ‘‘ Alarm’s” light had not been 
stated very clearly in the paper, it was :— 


Flash 
Eclipse 
Flash 
Eclipse 
Flash 
Eclipse 


Total 


‘58 seconds 
4:08 " 
58 " 
4:08 " 
58 " 
20:10 " 


30°00 seconds 
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lst April, 1914. 
Proressor E. W. MARCHANT, D. Sc. (Zond.), M.I.E.E., 


Vice-President, in the Chair. 


HENRY FORBES and P. CROOM-JOHNSON were elected as Members ; 
and JOSHUA HEAP GRAHAM as an Associate Member. 


“The Principles of the Law governing the relationship 
of Master and Servant as modified by the 
Employers’ Liability Act, 1880, 
and the Workmen’s Compensation Act, 1906.” 

By E. W. PIERCE. 


THE relation of master and servant is one of the three great relation- Introduction 
ships of life, ranking equally in importance with the relationships of 
husband and wife, and parent and child. 

It is said by an ancient legal writer: “To be founded in 
* convenience whereby a man is directed to call in the assistance of 
* others where his own skill and labour will not be sufficient to answer 
* the cares incumbent upon him." 

It is a relationship founded on contract whereby a man who is 
sui juris and free to contract can enter for pay or other valuable 
consideration into the service of another and devote to him his 
personal labour for such period as may be mutually agreed upon. The 
transaction is regarded as only a fair exchange of one advantage for 
another, and though it places men in a kind of subjection to their 
fellow creatures, this is but the result of that natural inequality of gifts, 
fortunes and capacities, which it has pleased Providence to establish 
universally. 

By the relationship of master and servant as recognised by the 
law of this country, liberty is not so far compromised as to make 
life degrading or intolerable, any service partaking of the nature of 
slavery being abhorrent to the law of this free country. Yet glancing 
back into the dim and distant past it is remarkable to note that one of 
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the most progressive developments of public opinion that have ever 
influenced humanity was the institution of the state of slavery. Prior 
to this institution it was customary for primitive man to slaughter 
summarily such of his enemies as might be unfortunate enough to 
fall into his hands, thus relieving himself of the trouble and expense of 
keeping them in profitless captivity. In place of this method of dealing 
with the captives of his sword and shield, a practice came into use of 
reducing such captives into a state of slavery and thus turning them 
to profitable account. In this way the institution of slavery came into 
recognition and in many countries it continues to be a legal relationship 
to this day. In this country, however, it has long ceased to be 
recognised by the law and, in fact, it has been held that a negro or 
other slave the instant he lands in England becomes a free man. 

Regarded from one point of view the position of the slave was not 
without its advantages when compared with that of the free labourer 
of early times. The slave being the property of his master and capable 
of being turned into money, it naturally followed that the master took 
every possible care to protect him from risk of death or injury. In 
the case of the free labourer, however, the position was different. 
The relationship was one purely of contract, and it was considered 
that under the contract the labourer undertook the risks incidental to 
the employment, and consequently, if he was injured in his employer’s 
service he, in most cases, had no redress. Volenti non fit injuria. 

As the march of civilisation progressed the relative positions of 
master and workman became better defined, and the duties, liabilities 
and obligations incident to the relationship under the common law 
were more precisely declared by the Courts of Law. 

In order fully to appreciate the effect of modern legislation upon 
this relationship it is necessary to be reminded of the general 
principles thus laid down by the Courts. 

The common law principle expressed in the maxim: Sic utere 
fuo ut alienum non laedas, imposes upon everyone the duty to govern 
and regulate his acts and conduct in such a manner that he shall not 
occasion injury to others. The contract of service between employer 
and employed does not absolve the former from this personal obliga- 
tion which he owes to his workmen to a like extent as to other persons. 
The breach of this duty so to use and govern one's own actions 
and undertakings as not to cause injury to others is in law called 
* negligence." 

Negligence has been defined as “the omission to do something 
“which a reasonable man, guided by those considerations which 
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* ordinarily regulate the conduct of human affairs would do, or the 
*doing something which a prudent and reasonable man would 
“not do." 

. Every employer, therefore, who has been guilty of negligence, 
either in the regulation of his own conduct or in the control of his 
business is responsible at common law as well to his workmen as to 
others. The extent of the employers’ duty varies with the degree of 
knowledge or skill possessed by his servants. Thus, in the case of 
children and young persons, his obligations may extend to giving 
instructions, oversight and cautions, and sometimes to taking active 
measures to see that such instructions and cautions are not disregarded. 
An employer is also responsible for the breach of any statutory 
obligation imposed in the interests of the safety of the workmen, and 
cannot divest himself of this obligation by showing that he has taken 
no part in the active management of the business, or that the omission 
was the act of a fellow-servant of the injured workman. 

A further principle of the common law known as the principle of 


Respondeat Superior, whereby a master was responsible for the acts s 


of his servants and agents committed in the course of their employ- 
ment for his benefit, would, if it had not been limited in its application 
to the relationship of master and servant, have gone far (in conjunction 
with the law as to the employers’ liability for negligence) towards 
remedying the grievances which led to the passing of the Employers' 
Liability Act and the Workmen's Compensation Act. It was, how- 
ever, held that this doctrine which is expressed in the maxim: qui 
Jacit per alium facit per se, whilst applying to other relationships, 
did not altogether apply to the relationship of master and servant, 
and that an employer was not liable to a workman for an injury 
caused by the negligence of a fellow workman, if the person 
occasioning and the person suffering injury were fellow-servants 
engaged in à common employment and having a common master. 
This limitation on the common law rule has always been defended 
on the ground that the workman made an implied contract to take the 
risk of the employment, including the risk of injury caused by a 
fellow-workman. 

An employer was also relieved from the consequences of the breach 
of his common law duty towards his workman if he could show that 
such workman had himself been guilty of negligence conducing in a 
substantial degree to bringing about the result for which he was 
attempting to make his employer liable. This was known as the 
doctrine of contributory negligence. 
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The liability of the employer to his workmen was further limited 
by the doctrine embodied in the maxim: volenti non fit injuria, 
already referred to, under which workmen were considered to have 
contracted to accept the ordinary risks of their employment. 

Lastly, the employers’ liability was limited by the principle 
embodied in the maxim : actio personalis moritur cum persona. 

Every personal action at common law died with the person entitled 
to bring it, or on the death of the person against whom it could be 
brought. Thus the employer was relieved of all responsibility for all 
injuries causing death, and his estate from liability, in cases where he 
died before judgment could be recovered against him. 

To sum up the position, the employer was therefore liable at 
common law to his workmen for the consequences of injury caused by 
his personal negligence or breach of statutory duty imposed upon him 
if judgment was recovered against him in his lifetime. He was 
responsible to the injured workman only but not to his relatives or 
representatives. He was (except in regard to breaches of statutory 
duties) absolved under the doctrine of common employment from the 
consequences of the negligence of those to whom the duties of 
management of his business had been delegated and for injuries to 
workmen by fellow-workmen. He was also relieved from liability by 
showing that the injured workman agreed to take the risk resulting 
from the breach of his common law duty, or by showing that the 
workman contributed to bring about the injury of which he com- 
plained. 

It is now desirable to show how this position has been modified 
by legislation. 

In 1846 was passed “ The Fatal Accidents Act,” commonly called 
Lord Campbell’s Act (which has since been incorporated with the 
Employers' Liability Act, 1880), and gives the personal representatives 
of a workman as of any other person, whose death has been occasioned 
by the wrongful act, neglect or default of another, a right to bring an 
action against the employer or other person guilty of such wrongful 
act, neglect or default, which action is for the benefit of the relatives 
of the deceased who are specified in the statute. 

In 1880 was passed the Employers’ Liability Act of that year, 
which introduced still further modifications into the common law. 
The Act only applied to workmen, as defined by the Act, and did not 
apply to domestic or menial servants. 

It imposed a liability on the employer for injuries to workmen 
arising from :— 
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(1) Defective ways, works, machinery and plant. 

(2) The negligence of his superintendents. 

(3) The negligence of persons to whom he has delegated his powers 
of giving orders. 

(4) Defective bye-laws and instructions. 

(5) In the case of railway companies, for the negligent management 
of the trains, points and signals. 

As might be expected the Act has been very fruitful of litigation, 
and from a review of the decisions under the Act, the following 
general principles have been deduced :— 

(1) The common law liability of the employer for his personal 
negligence, in the superintendence of his ways, works, machinery or 
plant, is not extended or altered. 

(2) There is a new liability imposed by the Act upon employers 
for the negligence of those to whom they entrust the superintendence 
of their ways, works, machinery or plant. 

(3) * Defect" in a “way” means a permanent or quasi permanent 
defect, and not mere temporary obstruction of the way. 

(4) A * way" need not be a defined or marked out path. 

(5) Works in course of erection may be the “ works” within the 
meaning of the section, of the employer engaged in the erection of 
such works. 

(6) * Plant” within the meaning of the section, may be animate 
or inanimate. 

(7) “Plant” may be “defective” within the section by being 
unsuitable for the purpose for which it is applied by the employer or 
his deputy, as well as by being in bad condition. 

.. (8) Unreasonable danger in machinery may be an element proper 
to be considered in deciding whether such machinery is “ defective ” 
within the section. 

(9) The ways, works, machinery or plant, need not belong to the 
employer in the sense that he is the absolute owner of them. 

(10) The “defect” in the ways, works, machinery or plant, must 
be one which implies negligence on the part of the employer, or his 
deputy. 

~The Act modified the doctrine of common employment so as to 
render the employer liable if the accident was due to the neglect of 
a fellow-servant whose duty it was to see that the ways, works, &c. 
were in good order, or who had superintendence entrusted to him, 
or when the accident was due to defective rails or to the neglect of 
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a fellow-servant in charge of any signal points, engine or train upon 
a railway, but the employer was relieved if the workman knew of the 
defect and failed to report it. 

The Act limited the compensation to be recovered to such a sum 
as should be found to be equivalent to the estimated earnings during 
the three years preceding the injury of a person in the same grade 


employed during those years in the like employment and in the 


district in which the workman was employed at the time of the 
injury. 

It also required that notice in writing of the injury should be 
given to the employer within six weeks of it happening; that if the 
injury was not a fatal one an action should be brought within six 
months of the injury and if a fatal one, within twelve months from the 
death of the injured person. 

In the case of Griffiths v. Earl Dudley (9 Q.B.D. p. 357) it was 
decided that a workman could contract himself out of the Act. 

It is not proposed in this paper to discuss at further length the 
provisions of the Employers’ Liability Act, 1880, or the decisions 
which have been given as to injuries resulting from negligent super- 
intendence, orders or directions, or defective instructions, but perhaps 
it is as well to refer here to the provision of the Workmen’s 
Compensation Act, 1906, requiring that a workman shall elect 
whether he will claim under the Common Law and Employers’ 
Liability Act, or under the Workmen’s Compensation Act, as he 
cannot claim under both. 

It will thus be observed that prior to the coming into operation 
of the Workmen’s Compensation Act, 1906, considerable inroads 
had been made into the various common law rules, which at one 
time governed the relations of master and workman in the country. 
The doctrine that personal actions die with the person was 
abrogated. The principle under which employers were relieved if 
the injury was caused by the negligence of any person who was in 
the same common employment as the injured person was greatly 
whittled down, as was also that embodied in the maxim of volenti 
non fit injuria; but the law still required, in order to render the 
employer liable, that he or his agent or servant should have been 
guilty of some breach of duty towards the injured workman which 
occasioned the injury. 

The Workmen’s Compensation Acts (consisting of the experi- 
mental Acts of 1897 and 1900, repealed and superseded by the Act 
of 1906), were based upon an entirely new principle. 
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It was considered that all ordinary misadventures happening 
to workmen in the course of carrying on the work of the 
country, should be regarded as incidental to the expense of 
carrying on such work, and ought to be a charge upon the 
particular industry, and that this should be so quite irrespective 
of whether or not the misadventure was caused by neglect or 
default. 


The employer was made the insurer of his workmen against loss 
caused by injuries from accident which might happen to them whilst 
employed on his work. 

The Workmen’s Compensation Act, 1906, came into force on the 
Ist July, 1907. The Acts of 1897 and 1900 were repealed, but con- 
tinued to apply to cases where the accident had happened before the 
commencement of the 1906 Act, except to the extent to which that 
. Act applied to those cases. 


Stated broadly, the Act imposes an obligation on every employer 
of any person who comes within the definition given in the Act of 
* workman," to pay the compensation specified by the Act to such 
person if he suffers personal injury by accident arising out of, and in 
the course of his employment. The Act contains a special definition 
of workmen, which includes many persons not ordinarily so regarded. 
The principle embodied in the Employers! Liability Act, of limiting 
the amount of compensation was extended to this Act, the limit being, 
however, somewhat different to that prescribed by the Employers' 
Liability Act. Following the precedent of the Employers' Liability 
Act, the Act also contains provisions requiring a notice of the acci- 
dent to be given to the employer within a reasonable time, and the 
action also to be commenced within a specified time. The only 
circumstances under which an employer is under the Act absolved 
from liability for injury to his workmen sustained in the course of his 
employment is where such injury is caused by the serious and wilful 
misconduct of the workman injured. If, however, the injury results 
in death, or serious and permanent disablement, the right of obtaining 
compensation is not barred even by the serious and wilful misconduct 
of the workman. 

The Act does not repeal the Employers’ Liability Act, 1880, nor 
abrogate any of the liabilities imposed by the common law upon 
employers, all the previous rights of workmen being preserved to 
them. It has, however, been decided under the Act, as already 
pointed out, that where a double remedy exists against the employer 
the workman must elect, before commencing proceedings, which 
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remedy he will pursue. Ifthe workman elects to proceed under the 
Workmen’s Compensation Act he accordingly forfeits all rights he 
may have against the employer under the Employers’ Liability Act 
or at common law, but if he elects to proceed against the employer 
under the Employers’ Liability Act or at common law the Court 
before whom the case is tried has the power, in the event of the action 
failing, to award compensation under the Workmen’s Compensation 
Act, but the Court may deduct therefrom any costs which have been 
caused by his bringing his action instead of proceeding under the 
Workmen’s Compensation Act. 


Contracting out of the Act is prohibited except where there is 
substituted for the Act a scheme of compensation, approved by a 
Government Authority, and not less favourable to the workman than 
the provisions of the Act. The Act contains a provision applicable 
to cases where the work is being carried out under contract, making 
the principal responsible for the whole work liable to any workmen 
who may be injured. ‘The Act further provides that no action at law 
can be brought to obtain the compensation recoverable under the Act, 
but proceedings must be taken by way of arbitration as provided by 
the Act. An appeal from the Arbitrator upon points of law lies to 
the County Court Judge, and from the County Court Judge to the 
Court of Appeal. 

The foregoing observations indicate the general effect of the Act. 
Its provisions will now be dealt with more minutely. 


The principal provision is that contained in Section 1 of the Act, 
which provides that if in any employment personal injury by accident 
arising out of and in the course of the employment is caused toa 
workman, his employer shall, subject as thereinafter mentioned, be 
liable to pay compensation in accordance with the First Schedule to 
the Act, provided that :— 


(a) The employer shall not be liable under the Act unless the 
injury disablés the workman for a period of at least one week from 
earning full wages at the work at which he was employed. 

(4) Where there is a liability independently of the Act, the 
workman must exercise an option as to whether he claims under the 
Act or otherwise. 

(c) If the injury to a workman is attributed to the serious and 
wilful misconduct of that workman, any compensation claim in respect 
of that injury shall unless the injury results in death or serious 
permanent disablement, be disallowed. 
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By the definition clause it is provided that the term ** workman” 
in the Act shall not include any person employed otherwise than by 
way of manual labour whose remuneration exceeds £250 a year, or a 
person whose employment is of a casual nature and who is employed 
otherwise than for the purposes of the employers’ trade or business, or 
a member of a police force, or an outworker, or a member of the 
employer’s family dwelling in his house, but, save as aforesaid, means 
any person who has entered into or works under a contract of service 
or apprenticeship with an employer, whether by way of manual labour, 
clerical work or otherwise, and whether the contract is expressed or 
implied, is oral or in writing. | 

In considering the question whether the case is one to which the 
Act applies, it is necessary to ascertain, not is there a contract of 
employment, but is there a contract of service from which a relation 
of employer and workman, or master and servant, can be deduced. 
A. contract of service for work or labour with which last the Act is 
concerned, arises where one person undertakes to serve another, to 
obey the reasonable orders of such other, within the scope of the 
duties undertaken generally but not specifically defined. If all the 
duties, though they may be duties of service, are specifically defined, 
and it is apparent from the construction of the contract that the list 
is an exhaustive one, and no control is reserved over the person 
undertaking the duties, either as to the manner or time in which he 
should perform them, the contract is generally spoken of as an inde- 
pendent contract, giving rise to the relationship, not of master and work- 
man, but of employer and contractor. To illustrate the difference 
between a contract of employment and a contract of service two cases 
may be instanced, namely, Waites v. The Franco-British Exhibition 
(1909, 25 T.L.R. 441 C.A.), in which a lecturer employed to explain 
an airship was held not to be within the Act, and Porton v. The Central 
(Unemployed) Body for London (1909, 1 K.B. 173), in which a man, 
working for the defendant Body, was held to be within the Act, as a 
contract for service had been constituted between them. 

All persons employed in manual labour, whatever their remunera- 
tion may be, are within the Act, but persons not so employed, whose 
remuneration exceeds £250, are outside the scope of the Act. 
Difficult questions arise in the case of persons partly employed in 
manual labour and partly in clerical or other labour, whose remunera- 
. tion exceeds .£250 per annum. In such cases it is for the Arbitrator 
to consider what is really the character of the service and to determine 
accordingly. 
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Persons employed in casual labour in connection with the 
employers’ trade or business are within the Act: persons employed 
in other descriptions of casual employment such as domestic or private 
work, are not within the Act. By casual employment is meant, not 
employment which is not of a permanent and continuous character, 
but employment dependent on chance circumstances. To illustrate 
this: if A employs B to carry a bag from his house to the railway 
station, this is casual employment, but if A employs B to attend at 
his house daily at a given time, and to carry his bag to the station, 
the employment is not casual and the person employed is within 
the Act. 

It has been seen that if the person injured is employed in the 
employers’ trade or business he comes within the Act. To constitute 
trade or business there must be an exchange or barter of goods, or 
exercise of an employment for the purpose of securing an advantage 
which may be estimated in money or money’s worth, either for the 
person exercising the trade or business, or for others, and in both cases 
it must be the occupation or one of the occupations in which the 
person is more or less permanently engaged. Accordingly, casual 
labour employed by religious or philanthropic institutions, for purposes 
entirely religious or philanthropic, and not for pecuniary gain, is not 
within the Act. 

Members of Police Forces are also outside the operation of the 
Acts. 

Also “ outworkers," by which expression is meant persons to whom 
articles or materials are given out to be made up, cleaned, washed, 
altered, ornamented, finished or repaired, or adapted for sale, in their 
own homes or on other premises not under the control or manage- 
ment of the person who gave out the materials or articles, are outside 
the scope of the Act. 

Members of the employer’s family dwelling in his house are also 
excluded. This includes the employer’s wife or husband, father, 
mother, grandfather, grandmother, step-father, step-mother, son, 
daughter, grandson, granddaughter, step-son, step-daughter, brother, 
sister, half-brother and half-sister. 

Persons in the naval or military service of the Crown (which 
includes the regular army, reserve and auxiliary forces, the navy and 
naval volunteers) are also excluded. 

Masters, seamen and apprentices to the sea service, and 
apprentices in the sea fishing service on British vessels are within the 
Act, but members of the crew of a fishing vessel who are remunerated 
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by shares in the profits or the gross earnings of the working of the 
vessel, are excluded. 

In order to entitle an injured workman to claim under the Act, 
the injury must be the result of an accident, and such accident must 
have arisen out of and in the course of his employment. In order to 
constitute an accident within the meaning of this enactment, the 
elements of the fortuitous and unexpected must exist. 

In the case of Boardman v. Scott and Whitworth (1902), 1 K.B. 43, 
Lord Justice Mathew observed :—* I think in order to determine an 
“accident one must discriminate between what will occur in the ordin- 
* ary course of the employment, and what may occur. Something which 
* will occur in the ordinary course of a workman's employment cannot 
“be called an accident. On the other hand, if what has occurred is 
“not what will occur in the ordinary course, but the fortuitous and 
* unexpected element comes in, then there is an accident." 

In the case of Hoddinott v. Newton, Chambers & Co., Ltd. 
(1901), A.C. 49, in the House of Lords, it was said that an accident 
for the purpose of this Act means any unintended and unexpected 
occurrence which produces hurt or loss. For some time after the 
passing of the Act, the question of whether an event was an accident 
within the meaning of the Act was treated as a question of fact to 
be determined solely by the arbitrator. Now, however, it has been 
decided that the question is one of law, and therefore can be made 
the subject of appeal to the Courts of Law. 

Certain industrial diseases are brought within the operation of 
the Act, and injury or death caused by the disease is to be treated as 
if it were caused by accident under the Act. The diseases specified 
in the Act are, anthrax, lead, mercury, phosphorus, arsenic poisoning 
or their sequelz, and ankylostomiasis. The Secretary of State has 
power to add other diseases to those specified, and he has extensively 
exercised this power. 

In order to establish a right to compensation under these pro- 
visions, one or other of the following conditions must be satisfied :— 

(1) The certifying surgeon for the district under the Factory and 
Workshop Act, 1901, must certify that the workman is suffering from 
an industrial disease under the Act, and is thereby disabled from 
earning full wages at the work at which he was employed. 

(2) The workman must in pursuance of special rules and 
regulations made under the said Factory and Workshop Act, 1901, 
have been suspended from his usual employment on account of 
having contracted any such disease. 
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(3) The death of a workman must have been caused by such disease. 

The disease must be due to the nature of the employment in 
which the workman was employed within twelve months before the 
date of disablement or suspension (or death), whether during such 
period he has worked under one or more employers. The workman 
forfeits his right to compensation if he wilfully and falsely states in 
writing, on entering the employment, that he has never previously 
suffered from the disease in respect of which he is claiming compen- 
sation. ‘The compensation is recoverable from the employer who last 
employed the workman within twelve months of his disablement, who 
can, however, join other employers who have employed the workman 
during the said twelve months in any proceedings which may be 
taken against him. If an employer can prove that the disease was 
not contracted in his employ, the previous employer is made liable. 
If the disease 1s a gradual one all the employers who have employed 
the man for twelve months preceding disablement are liable to 
contribute. 

In order to found a claim under this Act the accident (or industrial 
disease) must have arisen “out of and in the course of the 
“ employment.” 

There have been many decisions on this expression and the 
following leading principles have been laid down :— 

(1) The accident must have arisen from a risk incidental to the 
work which it was the “duty” of the workman injured to perform, 
giving a wide and liberal interpretation to the term * duty." 

(2) The accident must have occurred at a time when the relation 
of master and servant could reasonably be held to be subsisting 
between the injured workman and the employer. 

To illustrate these propositions the cases of Fitzgerald v. Clarke 
and Son (1908, 2 K.B. 796), and Reed v. Great Western Railway 
Company (1909, A.C. 31), may be mentioned. 

In the first case, certain workmen, as a practical joke, attached a 
fellow-workman by his clothes to a hoist, and then hoisted him some 
fifty feet in the air, when he fell and sustained serious injury. It was 
held by the Court of Appeal that the accident did not arise out of and 
in the course of the employment. 

In the second case a driver, whose engine was at rest at a siding, 
left it and crossed the rails to borrow from a friend a book unconnected 
with his work. He was killed by a shunting engine on his way back. 
It was held that the accident did not arise in the course of his 
employment. 
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Sometimes accidents occur to workmen when going to or returning 
home from work, and questions arise as to whether these are accidents 
arising in the course of the workman’s employment. It seems to be 
settled that if the workman’s method of travelling to and from his 
work is not controlled by the employer and if the workman is a free 
agent, then such accidents cannot be said to arise in the course of 
his employment. 

The effect of the decisions of the Courts under the Act have been 
summarised as follows :— 

(1) The onus of proving both that the accident arose out of and 
in the course of the employment, rests upon the applicant. 

(2) The accident does not arise out of and in the course of the 
employment if it is caused by the workman doing something entirely 
for his own purposes ; or 

(3) The same result follows when the workman does something 
which is no part of his duty towards his employer, and which he has 
no reasonable grounds for thinking it was his duty to do. 

(4) The accident may arise out of and in the course of the 
employment, if the act which occasioned it, although not strictly in 
the scope of the workman’s employment, is done upon an emergency. 

(5) It may be said to arise out of the employment if, it being the 
workman’s duty to do the act, the accident arises from his doing it in 
an improper manner. 

(6) It may arise out of and in the course of the employment, if 
occurring on the employer’s premises, when the workman has not 
actually commenced his work, or after he has finished. 

(7) It may arise out of and in the course of the employment if, 
the workman’s duties not being clearly defined, he may reasonably 
have thought it a duty to do the thing in the course of which the 
accident occurred. 

(8) It does not arise out of and in the course of the employment 
if occasioned by the wilfully tortious act of a fellow servant, when the 
risk of such an act cannot be said to be one of the risks incidental to 
the service. 

(9) It may arise out of and in the course of the employment if, 
though occasioned tortiously, even wilfully, by the act of a third party, 
the risk of injury from such acts is found to be one of the risks 
incidental to the employment. 

The only event in which the workman loses his wages and com- 
pensation is if the injury is attributable to his serious and wilful 
misconduct ; in such a case his compensation is to be disallowed, 


General effect 
of decisions 
under the Act 


Serious and 
wilfu 
misconduct 


Liability of 
principal to 
contractors’ 
workmen 


Amount of 
compensation 


278 PIERCE ON LAW OF MASTER AND SERVANT. 


unless the injury results in death or serious and permanent dis- 
ablement. In order to deprive a workman of his compensation under 
this provision, it is necessary to prove that in the course of the 
conduct he was adopting he was misconducting himself, and also 
that the misconduct was of a serious nature, and that it occasioned 
the injury. 

As has already been pointed out, where any person in the course 
of his trade or business contracts with any other person for the execu- 
tion of any of the work undertaken by the principal, such principal is 
liable for any compensation payable to workmen under the Act. 


There are two exceptions to the operation of this provision, 
viz. :— 

(1) Where an agriculturist employs a contractor who provides 
machinery, driven by mechanical power, for the purpose of threshing, 
ploughing, &c. 

(2) Where the accident occurs elsewhere than in or about premises 
on which the principal has undertaken to execute the work or which 
are otherwise under his control or management. 


Following the precedent established by the Employers’ Liability 
Act, 1880, the amount of compensation payable under the Act is 
limited and defined. 


It is fixed by the first schedule to the Act, the effect of which is 
as follows :— 

Where death results from the accident and the workman leaves 
dependants wholly dependent upon him, they are entitled to a sum 
equal to his earnings for the three years next preceding the injury, not 
being less than £150 or more than £300. If the employment with 
the same employer has been less than three years, the workman’s 
dependants are entitled to 156 times his average weekly earnings under 
the last employer. Where the workman leaves dependants only 
partially dependent on him, they are entitled to such a sum as on 
arbitration may be deemed reasonable and proportionate to the injury 
they have sustained, not exceeding the above-mentioned sums. Where 
he leaves no dependants, the reasonable expenses of his medical 
attendance and burial, not exceeding £10. Where total or partial 
incapacity for work results from the injury, the workman is entitled 
to a weekly payment not exceeding 50 per cent. of his average weekly 
earnings during the previous twelve months, or if not employed so 
long, of his average weekly earnings while so employed, not to exceed 
£1. If incapacity lasts less than two weeks no compensation shall be 
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paid for first week. If the workman is under 21 years of age, 100 per 
cent. of his average weekly earnings shall be paid, the payment not 
to exceed 10s. per week. 

The expression “ dependants ” in the Act is defined to mean “ such 
members of the workman’s family (which expression is also defined 
in the Act) as were wholly, or in part, dependent upon his earnings at 
the time of the accident. 

Again, following the precedent established by the Employers’ 
Liability Act, 1880, the Act requires that the workman shall give his 
employer notice of the accident as soon as practicable after the 
happening thereof and before he voluntarily leaves the employer’s 
service, and shall make his claim within six months from the date of 
the accident. The effect of the provision as to notice is somewhat 
weakened by a provision enabling the arbitrator before whom the 
proceedings may come to excuse the notice if the employer is not 
prejudiced thereby in his defence, or if the non-giving thereof was 
due to mistake, absence beyond the seas, or other reasonable cause. 
In the same way default to make a claim within six months may be 
excused on similar grounds. 

The Act provides a new form of procedure for settling disputes 
under the Act. 


If any question arises in any proceedings under the Act as to the 
liability to pay compensation (including any question as to whether 
the person injured is a workman to whom the Act applies) or as to 
the amount or duration of compensation under the Act, the question, 
if not settled by agreement, shall be settled by arbitration in accord- 
ance with the provisions of the Act. Any question under the Act 
may be settled by agreement: failing such settlement the machinery 
provided by the Act must be resorted to. There is no remedy by 
ordinary process of law. 


There are four tribunals established by the Act to arbitrate upon 
disputes, two deriving jurisdiction from the consent of the parties, 
and two from the Act itself. These are :— 


(1) A committee representative of an employer and his workmen. 
(2) A single arbitrator agreed upon by the parties. 

(3) The County Court Judge of the District. 

(4) An arbitrator appointed by the County Court Judge. 

The tribunal most commonly resorted to is tribunal No. 3, the 


County Court Judge, the procedure before whom is governed by rules 
made under the Act. 
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In the majority of cases the compensation is agreed upon between 
the employer and workman, and no dispute arises. In such cases a 
memorandum of the agreement may be filed in the County Court. 

Where a sum is agreed to be paid in redemption of weekly 
payments, either to the injured workman or to his dependants in case 
of his death, the approval of the registrar of the County Court has to 
be obtained, and he may refuse to register the memorandum of 
agreement if he thinks it inadequate or improperly obtained. 

If the parties cannot arrive at an agreement, a request for 
arbitration is filed at the County Court, either by the employer or 
workman, or in case of death, his dependants. The request has to 
be accompanied by certain particulars as to the accident, the names 
of the parties, &c. The Judge thereupon appoints a day and hour 
for holding the arbitration, and notice thereof is given to all parties. 
The other parties thereupon, ten clear days before the hearing, 
file an answer to the request, in which they may either disclaim any 
interest in the subject matter of the arbitration, or object to the 
particulars as inaccurate, or bring any fact or document to the notice 
of the Judge. | 

If the employer wishes to admit his liability he may, any time 
before the arbitration, file a notice (a) that he submits to an award 
for a certain weekly sum ; (2) that he brings into court such sum as 
he considers sufficient to cover his liability. If the workman accepts 
the amount offered he must give notice within a reasonable time 
before the arbitration. Thereupon the Judge makes an award in 
accordance with the arrangement arrived at. 

Where the offer is not accepted the dispute is decided by the 
Judge on the date appointed, after hearing the parties and their 
witnesses. The Act makes provision for the appointment of medical 
referees, whom the Judge may summon to sit with him as assessors. 
The decision of the Judge is embodied in an award which must 
be filed, and is enforceable in the same manner as a judgment or 
order of the Court. The Act makes special provision for bringing in 
third parties, and for dealing with claims by seamen, and where 
necesssary, for detaining foreign ships. 

The Act also makes provision for a review, on the application 
either of the employer or the workman, from time to time, of the 
weekly compensation granted, which may be reduced or increased or 
put an end to. It also enables an employer who has paid not less 
than six months' weekly payments, to commence arbitration proceed- 
ings for the redemption of his weekly payments by the payment of a 
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lump sum. If the incapacity is permanent the lump sum must be 
such an amount as would purchase a life annuity from the National 
Debt Commissioners, equal to 75 per cent. of the weekly payments. 

Lastly, the Act makes provision for appeals on questions of law 
from lay arbitrators to the County Court Judge for the District, and 
from his decisions to the Court of Apeal. 

Having thus, in what may be considered a somewhat imperfect 
manner, reviewed the principles governing the relationship of master 
and servant under the Common Law of England as modified by 
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modern legislation, the explanation of how those principles have been . 


applied by the Courts of Law to the cases which have come before 
them, must be left for another occasion, by which time, perhaps, 
some of the knotty questions which still remain undetermined under 
the Workmen's Compensation Act, 1906, may have been either 
authoritatively decided by the Courts or settled by legislation. 
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DISCUSSION. 


The CHAIRMAN, in moving a vote of thanks to the Author, 
observed that the paper would prove of the greatest possible value to 
all who might have to deal with the relationship between master and 
servant. 

Mr. E. J. RIMMER considered that the paper gave a very concise 
statement of the law regarding the relations of master and workman. 
Personally, he looked forward to the fulfilment of the veiled promise 
contained in the last paragraph, that the author would give them at 
some future date the benefit of his vast experience of the working of 
the Acts in question, and perhaps would unravel some of their 
perplexities. At the present moment, however, consideration was 
confined to the paper itself, and it would not be proper that those 
very fine points of law should be discussed on that occasion. It 
appeared to him, if he might say so, that the engineer, in his capacity 
as such, had very little concern with the Workmen’s Compensation 
Act, except in regard to certain few matters. With regard to his 
employment of workmen, he generally threw all responsibility for 
compensation upon his Insurance Company, which was better able to 
deal with such matters. There were, however, two points at least 
which might well be emphasised in regard to those consultant 
engineers who were engaged to represent the interests of their clients, 
the building owners. The first point was that it should be 
remembered that under the Workmen’s Compensation Act the 
employer, i.e, the building owner or the person for whom the work 
was being done, was responsible and liable for any injury to workmen 
of the contractor. That perhaps was not generally known. It was 
true that the contractor was held to indemnify the employer 
against that liability, but as contractors had the misfortune sometimes 
of becoming insolvent, especially if they got up against a bad job, it 
behoved every engineer to see that there was within the contract an 
undertaking by the contractor that he should be insured in a first-class 
company, and from time to time to see that that policy was kept in 
force. The other point which had occurred to him arose out of the 
same matter, and was the difference between a workman and an 
independent contractor. The author had made it quite clear what 
an independent contractor was. He had said on page 273 that he was 
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a person engaged on particular work over whom the person who 
engaged him did not reserve any control. That, of course, was not 
the full definition, but expressed in non-legal phraseology the pith of 
the decided cases upon the point. Whether a person who was engaged 
was a contractor or a servant was important, because the liability of 
the person who engaged him arose if he were employed as a servant, 
whereas if he were a contractor, no such liability arose. 

One further point also appeared to be of some importance to the 
consulting engineer. For survey work and levelling it was often 
necessary to engage casual labour, and that form of casual labourer 
was a servant within the Act, which provided that-a person engaged 
casually by an employer for the purpose of his trade or business was 
within the definition of “ workman,” and therefore the employer was 
liable for any injury sustained by him. 

Mr. FRANK E. Priest thought that the paper was one which 
would be of more value subsequently, than it was as a subject for 
discussion by those who were not very well versed in points of law. 
It would be of immense value as a desk companion, and it would be 
made more useful still by the contribution to the discussion that they 
had just heard from Mr. Rimmer, and such further expositions as he 
hoped would be found in the reply which the author would make in 
regard to the questions that would be suggested to him. 

On page 269 of the paper, it was laid down that plant might be 
animate or inanimate. Possibly that was quite simple, but it did 
not convey much to his mind, and—after the manner of instruction of 
the child—a few examples might be better than the statement in its 
present form. There were of course, anomalies in all legal matters, but 
there were some things which appeared to him to be on the verge of 
tragedy. On page 271, for instance, there was the statement that “if the 
“injury results in death, or serious and permanent disablement, the 
“ right of obtaining compensation is not barred even by the serious and 
“ wilful misconduct of the workman.” It occurred to him that that had 
only to be carried to an extreme point to make it an incentive to 
malicious suicide; the intending suicide might provide for his family 
by doing it at the expense of his master, rather than by throwing 
himself over a bridge, or committing some other foolish act for which 
no one would be responsible. 

On page 274 it was pointed out that the police force were outside 
the operations of the Act; if there was any body of men that should 
have every protection possible, it was the police force, because in the 
perverted minds of some people the policeman was there to be hit. 
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Possibly the explanation was that his family was provided for in 
other ways. 

He would be glad if the author could say whether the Health 
Insurance arrangements had made any alteration in the responsibilities 
under the Acts, as set out on page 278, where it was stated that 
* where he leaves no dependants, the reasonable expenses of his 
“ medical attendance and burial not exceeding £10." As the medical 
attendance was now provided for in another way he would like to 
know if that introduced any change in the working of the Act. 

Mr. Rimmer had referred to an important matter when he 
pointed out that an engineer in consulting practice had the duty 
imposed upon him of ascertaining from time to time that the policy 
of insurance taken out by the contractor working to his instructions 
was kept alive. Of course, that was absolutely essential, but it was 
essential to go even further. It was essential that the engineer should 
study that policy to see that it contained everything needed, and 
particularly that there were no exemptions from the liability covered 
by the policy which might deprive the owner of some protection that 
he should have. His attention had been drawn to an actual case 
where the contractor, under the terms of his contract, was required to 
insure with a responsible company, and he had stated that he had done 
so. He was slow in producing the policy for inspection, and when it 
was produced eventually, it was found that within the terms of the 
policy was a specific exemption of men engaged upon quarrying 
operations. The particular contract upon which the contractor was 
engaged was such that at least 70 per cent. of the men were engaged 
upon quarrying. It was such things as that, which one did not 
expect, that occurred. The paper was one which could be advan- 
tageously discussed by many whose knowledge of the law was 
sufficient. | 

Mr. Coarp S. PAIN, referring to the case of Griffiths v. Earl of 
Dudley, mentioned on page 270 of the paper, in which it was held that 
a workman could contract himself out of the Employers’ Liability Act, 
1880, said that presumably that meant that an employer who had a 
dangerous job to undertake and who could not get anyone to work 
except at extremely high rates, might say: “I am not going to be 
* responsible for what may happen, but I will pay you well and you 
* must take your own risk and contract yourself out of the Act." 

Mr. T. L. MILLER said that he had been particularly interested 
in Mr. Rimmer's remarks relative to the necessity of the engineer 
seeing that the policy of insurance was kept in force, because in the 
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general conditions of contract one usually put the onus of complying 
with the provisions of the Workmen’s Compensation Act and the 
Employers’ Liability Act on to the contractor, and Mr. Rimmer’s 
remarks with regard to that were very much tothe point. With regard 
to the case where the person casually employed was engaged in carrying 
out the duties of the ordinary employment of the individual employing 
him, that had been very well put to him some time ago by a solicitor 
friend, who said that supposing he were going to a railway station and 
engaged a man to carry his bag, if the bag contained novels it would 
not be in the course of the ordinary employment, but if the bag 
contained legal books, it was, and he would be liable if injury occurred 
tothe man. The Workmen’s Compensation Act had certainly done a 
great deal for the working man, but at the same time, it caused very 
considerable hardships. As an instance of this there were the men 
who were in a small way of business, such as jobbing gardeners, window 
cleaners, &c., and who did not employ other people ; at the time when 
the Act came into force people were very chary of employing those 
who were working for themselves, for fear they might be liable for 
accidents. 

The CHAIRMAN remarked that he would like to know, in regard to 
the question of the insertion of the clause in the general conditions 
of contract laying on the contractor the onus for insuring his workmen, 
whether that did really absolve the engineer from any liability. 

Mr. RIMMER, upon the request of the chairman, answered that the 
engineer had no liability at all in the matter, and that such a clause 
did not absolve the building owner from his liability under the Act, 
being merely a contract of indemnity between the contractor and 
building owner, and therefore the engineer ought to see that the 
contract contained a provision that the contractor should insure with 
a high-class insurance company. 

Mr. G. CARRUTHERS THOMSON recalled an instance when several 
years ago, in going through a shop, he had checked a man for sitting 
on a planing machine table when it was in use. About half-an-hour 
later, the man in question was cut severely through the leg. He 
threatened an action against the company, and proposed to call 
Mr. Thomson as a witness in his favour, but Mr. Thomson had 
refused to be called, as he had warned the man of the risk he ran. 
He did not know whether such a case would come within the 
Workmen's Compensation Act, as it happened before 1906. 

There was one point which had not been touched upon in the 
paper, and that was the effect of these various Acts on the industrial 
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population, but that was too wide a question to enter into that evening. 
It meant practically that a man was cut off from employment at the 
very time when he was getting to his very best skill and ability to 
carry out his work clear of accident, simply because the Insurance 
Companies, so far as he could judge, had compiled certain statistics 
of accidents, and on those statistics had based the fact that the older 
a man was the more liable he was to accident. He had seen that 
disputed by responsible employers of labour, employing thousands of 
men, where records of accidents had been kept from all ages up to 
65 and 70 years, in which it was shown that after the age of 40, the 
men were less liable to accident than at any time previously. That 
was not the general opinion of the Insurance Companies. If that 
tendency were not combated by something else, there would soon be 
a deficiency of workmen. 

The AUTHOR, in reply, expressed his acknowledgement to the 
Society for the gratifying reception they had accorded to the paper. 
He would certainly redeem his promise to read a second paper on 
the subject, dealing with some of the principal decisions under the 
Act, if the Society would give him an opportunity of doing so. 

With regard to Mr. Rimmer's very practical observations, the 
author thought that the members of the Society would do well to 
note the points to which Mr. Rimmer had called attention. It was 
most important that a person employing a contractor to carry out 
work in which workmen were employed should satisfy himself that 
the contractor was a responsible person or was insured against work- 
men's compensation claims in a reliable Insurance Office, as the 
ultimate liability to the contractor's workmen was imposed by the Act 
upon the employer. 

Another point of much importance referred to by Mr. Rimmer 
was the distinction between a “workman” and a “contractor.” A 
good illustration of the distinction between the two capacities 
occurred in the case of Curtis v. Plumptre (6 Butterworths’ Workmen’s 
Compensation Cases, p. 88). In that case a tree-feller, Curtis, was 
engaged by a bailiff to cut down certain trees. He asked that his 
son might help him, and also recommended another man. These 
men, with a further man, were all engaged by the bailiff, and the 
whole gang worked under the directions of Curtis. The tree-fellers 
were paid a lump sum for the job, which sum was distributed among 
the gang by arrangement among themselves. The men found some 
of the tools, the bailiff supplied others. On one occasion the bailiff 
instructed the men which way to let a tree fall, and after the accident 
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he engaged two new men to take the place of Curtis. ‘The County 
Court Judge found that Curtis was not a workman. Held there was 
evidence to support the finding. 

The question of casual labour referred to by Mr. Rimmer and 
Mr. Miller was also an important one. The case of Ritchings v. Bryan 
(6 Butterworths’ Workmen’s Compensation cases, p. 183), served to 
illustrate the kind of employment which, though in a sense regular, 
might be considered for the purposes of the Act as casual. In that 
case a window cleaner had cleaned the windows of a private house for 
the same employer once a month for four years, when he fell and was 
killed. No arrangements as to the work were made in advance. 
The County Court Judge found that the employment was of a casual 
nature. Held there was evidence to support the finding. 

Mr. Miller’s illustration as to the kind of casual employment 
(viz., casual employment in connection with a trade or business) 
which come within the operation of the Act seemed to the author to 
be a very apposite one. 

The reference to the expression “plant” as including things 
animate and inanimate seemed to have troubled Mr. Priest, as it 
seemed to have at one time troubled others, it being supposed that the 
word “plant” referred only to things inanimate. In the case of 
Yarmouth v. France (19, Q.B.D. 647) the term was defined to include 
* whatever apparatus is used by a business man for carrying on his 
* business—not his stock-in-trade which he buys or makes for sale, 
* but all goods and chattels fixed or movable, alive or dead, which 
*he keeps for permanent employment in his business" An 
illustration of animate plant would be a horse used in connection 
with a business—for instance, a colliery pony. 

With regard to Mr. Priest's reference to a case of suicide, this 
would of course not be an “accident ” within the meaning of the Act, 
and in this connection it should be remembered that the employer 
was not liable if the injury was due to the Act of God, as through 
lightning or tempest or the King's enemies. "Then, again, as to the 
police, the Police Act of 1890 and the Police (Superannuation) Act, 
1913, contained adequate provision for compensating officers in 
respect of injuries sustained by them in the course of their duty, and 
for pensioning their widows and families, and therefore it was only 
reasonable that they should be excepted from the Act. 

With reference to the National Insurance Act, referred to by 
Mr. Priest, there was no doubt that the Act had an important 
influence in practice on the liabilities of employers under the Work- 
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men’s Compensation Act, as the National Insurance Act empowered 
approved societies to require a workman who might have. a claim 
against his employers under the Workmen’s Compensation Act, to 
prosecute such claim, and relieved the approved society from liability 
to a workman who had received workman’s compensation, unless 
such compensation amounted to less than 10s. per week, when the 
society had to make up the difference to bring the amount up to 
10s. per week. | 

With regard to Mr. Pain's observations as to contracting out of the 
Employers! Liability Act of 1880, this was not affected by the Act 
under consideration. Workmen could not contract out of the Act of 
1896, except under a scheme certified by the Registrar of Friendly 
Societies providing for compensation benefit or insurance as favourable 
as was provided by the Act. 

In reference to the quasi political question raised by Mr. Carruthers 
Thomson as to the effect of the Workmen's Compensation Act upon 
the industrial population, the author did not consider that this 
question came within the scope of the paper, although he recognised 
that it was a very important question for consideration on a proper 
occasion and in a proper place. 

The author concluded by thanking those who had taken part in 
the discussion for their assistance in elucidating some of the questions 
which arose upon the paper, and expressed his pleasure that the paper 
had proved of interest to the members of the Society. 


CORRESPONDENCE. 


The PRESIDENT considered that there was probably no one better 
qualified than the author to lay the facts before the Society relating to 
this great question of Employers’ Liability in a concise and at the 
same time a comprehensive form. 

The development of the relationship of master and servant through 
the various stages so clearly set forth by Mr. Pierce was most 
interesting and very necessary to a proper appreciation of the present 
state of the law governing the subject. 

On page 276 Mr. Pierce had made some very valuable comments 
upon the correct meaning to be attached to the words “out of and 
“in the course of employment," and he had given two interesting 
cases illustrating difficult points which had been cleared up. Mr. 
Cooper would like to propose another case upon which he would be 
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glad of the author’s opinion. A workman, who had been employed 
in repairing a street, was sitting during his dinner hour against a wall, 
when some mischievous boys playfully dropped a brick upon his head. 
Would the author consider that this was a case where the accident 
arose “out of and in the course of his employment.” 

It was difficult to pick out of a paper such as this any special 
matters for criticism, but it would be obvious to everyone that many 
difficult problems must arise in applying the new Act. The Society 
would be well advised to pin the author down to a definite under- 
taking to contribute the other paper on the cases arising out of the 
Workmen's Compensation Act at which he had hinted towards the 
end of his paper. 

The paper appeared to be an excellent Compendium of the Law 
relating to this important subject, and he suggested that it might be 
very conveniently issued in pamphlet form for daily reference by those 
interested in such matters in the regular course of their business. 


19 
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15th April, 1914. 
FRANCIS E. COOPER, Assoc. M. Inst. C.E., President, 
in the Chair. 


Discussion on 
“The Means of Communication between Liverpool and 
the Cheshire side of the Mersey.” 
INTRODUCTION BY FRANK E. PRIEST, M. Inst. C.E. 


THE Transit Problem of the Mersey seems to have recurred from a 
period at any rate as early as the 13th century. It was solved at that 
time by the establishment of a ferry. It was solyed again 50 years 
later by conferring the exclusive rights of that ferry upon the Priory of 
Birkenhead. How it was dealt with after the dissolution of the 
Priory is not clear nor is it very material to the business this evening. 

In 1821 a service of steamboats was established, and in 1838 a 
rival service from Monk’s Ferry came before its time. That rival 
service was evidently in advance of the needs of the population of the 
time, as two years afterwards it was sold to the railway company 
which was then commencing to work the line to Chester. 

Subsequent solutions have been found by the institution of other 
ferries, so that now there are six across the river, by the introduction 
of boats for the carriage of goods, by a system of barging between the 
docks of the port on either side of the river, by the Mersey Railway 
Tunnel between Liverpool and Birkenhead with branches to the 
Joint Lines at Rock Ferry and to Birkenhead Park, and so to con- 
nections with the Wirral Lines into Wallasey and West Kirby and 
the Great Central Line to Chester and Wrexham. 

Apparently a solution is still to be found at the present time. 

Consideration may now be given to some of the solutions proposed 
in recent years but not yet carried out. 

In the first year of the 19th century the idea of a bridge across 
the Mersey was discussed adversely in the ‘Liverpool Guide,” it 
being pointed out that the difficulties of construction and the 
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inconvenience that would attach to it were so great that it was 
impracticable. The writer of that article then proceeded to propound 
what he claimed to be the first tunnel scheme, and pointed out that 
the conditions were favourable to it. The tunnel so suggested was of 
course intended for road traffic. 

In the year 1880 a scheme was projected for a subway for horse- 
drawn vehicies and handcarts. The entrances were to be, in Liverpool 
at the foot of James Street, and in Birkenhead at the West corner of 
Hamilton Square. Application was made to Parliament in the 
Session of that year, and the Royal Assent was obtained with some 
amendment of the scheme. The falling gradient on the Liverpool 
side was 1 in 251, and that on the Cheshire side 1 in 26. The width 
of roadway was 19 feet. An estimate of the cost of the scheme, 
prepared by Mr. John Fowler, was £365,032 for Works alone, and 
the authorised capital was £500,000. Mr. C. Douglas Fox, in 
opposition to the Bill, estimated the cost for Works at £488,000, and 
stated that the estimate was based upon the figures in the Mersey 
Railway Contracts. 

The Corporation of Liverpool referred the matter to the City 
Engineer for a Report. His Report is dated 20th June, 1881, and 
therein he suggests five alternative subway entrances in Liverpool, 
having their mouths respectively at the foot of Crooked Lane, by 
the Custom House; in Bath Street, at the foot of Brook Street ; in 
Dale Street, at the end of Vernon Street; in Whitechapel, at the 
bottom of Stanley Street; and in Paradise Street, at the bottom of 
Cable Street. 

The scheme was kept under discussion, and amending Acts were 
obtained in 1885, 1888 and 1889. So amended, the scheme seems to 
have been dropped in 1890, at which time the difference between the 
subway then proposed and the original proposition was considerable. 

It was proposed then to construct lifts on either side of the river, 
at the foot of James Street in Liverpool, and at Canning Street in 
Birkenhead, and between them to construct the subway with nearly 
level gradients. 

The subway was to be constructed as an iron tube so as to be 
water-tight, with a roadway 19 feet wide and headway of 19 feet in 
the centre. Drainage was to be provided by a drainage way in the 
invert of the tube with hydraulic pumps. 

In 1898 Messrs. Webster & Wood presented to the Chamber of 
Commerce of Liverpool, a scheme for a bridge for vehicular and foot 
passenger traffic. 
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The following particulars are taken from information kindly 
supplied by Mr. Wood. 

The bridge was to be of the stiffened suspension type with two 
piers in the river. The centre span was to be about 2,000 feet, and 
the side spans about 1,000 feet each. 

The approach on the Liverpool side was to have two branches, one 
starting on the West side of the George’s Dock and at the North- 
West end of it and the other at Preeson’s Row and, for the purpose 
of receiving the traffic from the Southern part of Liverpool, 
hydraulic hoists were to be constructed in Mersey Street, opposite 
Liver Street. In Birkenhead the approach was similarly to have two 
branches, one terminating near the Egerton Dock, and the other in 
Argyle Street at the North-West corner of Hamilton Square. 
Hydraulic lifts were also to be provided in front of the Woodside 
Hotel. 

The approaches were to have gradients of 1 in 35:6 on the 
Liverpool side, and 1 in 34:3 on the Birkenhead side. The roadway 
was to be 62 feet wide throughout, 42 feet being devoted to 
vehicular traffic and 20 feet to footpaths. Some amendment of the 
proposition in this respect is indicated on the drawings which 
accompany the Report, wherein the roadway is shown as 60 feet wide 
and footpaths, 7 feet 6 inches wide, are carried by cantilever extensions 
of the cross girders on each side of the bridge. The headway above 
high water at the centre span of the bridge was to be 150 feet, and 
at the sides of the river 120 feet. 

The estimated cost of the bridge was £2,224,750, and of land, 
easements, &c., £300,000, while for the interest during construction 
was added £190,000, making the total necessary capital, £2,714,750. 

On the 18th December, 1912, Mr. Chase presented to this Society 
a scheme for a bridge which differed materially from the previous 
proposition. 

It also was to be a stiffened suspension bridge, but the span was 
to be made 2,700 feet, by which means the piers were placed behind 
the line of the Liverpool Landing Stage on the Lancashire side, and 
only a little in advance of the Seacombe Stage on the Cheshire side, 
thus practically leaving the river unencumbered. The headway was 
to be 200 feet above high water. 

A suggestion marked by complete originality was made for the 
approaches, which were to take the form of helical roadways immedi- 
ately against the river side at either end of the bridge. The gradient 
of these roadways, though not stated in the paper, appears to be 1 in 24 
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on the outside, and 1 in 16 on the inside. Provision was made in 
them for two tramway tracks and a 27 feet roadway which was 
intended for motor traffic only. It was pointed out by Mr. Chase 
that recent development of motor traffic justified the omission of 
provision for horse-drawn vehicles. 

The Liverpool end of this bridge is shown at the North end of the 
Prince’s Dock, and its Cheshire end on the South side of the Seacombe 
Ferry approach. 

Mr. Chase said that “the total cost, exclusive of land and legal 
“ expenses, should not exceed £825,000.” 

In January last, Mr. Mallins, General Manager of the Liverpool 
Tramways, made a Report to his Committee on the means that could 
be taken to relieve the congestion of traffic in some of the streets of 
Liverpool, and following a proposition which appeared in a letter to 
the Press in September, 1910, suggested as one means to that end 
the making of a subway from the Old Haymarket to the Pierhead. 
He then proceeded to sketch out a system of tunnels across the river 
with connections in Seacombe and in Birkenhead. 

It is not clear how connection was to be made with the subway 
between the Old Haymarket and the Landing Stage, as obviously a 
subway that would be convenient for traffic at the surface by the 
Landing Stage would be at a level greatly above one which would 
pass under the river. 

The tunnel is intended by Mr. Mallins to provide for the 
vehicular and pedestrian traffic of the road as well as an electric 
train service. 

A pamphlet prepared recently by Mr. Mallins seems in some 
degree to alter and extend the propositions just referred to, and 
apparently at the present time his suggestion is that a system of tunnels 
or tube railways should be made in Liverpool, radiating from the Old 
Haymarket to Queen’s Drive, and that they should be connected 
with a tunnel under the river to Seacombe with a branch to Birkenhead, 
and that that tunnel should also provide accommodation for road 
vehicles and footways. 

Sections of Mr. Mallins’ projects are not provided, and the gradients 
are not stated. Assuming, however, that the tunnel under the river 
is laid at the same level as the Mersey Railway Tunnel, and that at 
the Old Haymarket the roadway level is 20 feet below the surface, it 
appears that the gradient from the Old Haymarket will be 1 in 34. 
The information given as to the Seacombe end of the tunnel is not 
sufficient to calculate the gradient of that part. 
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The foregoing particulars are taken from information which 
Mr. Mallins has been good enough to supply. 

There are thus four definite projects—two of them for tunnels and 
two for bridges. 

Bridges have the advantage of daylight crossings free from the 
necessity of artificial ventilation. They have the disadvantages of 
approaches occupying surface space and of possible interference with 
traffic over them in bad weather. If they have piers in the river they 
have a further disadvantage in whatever obstruction to navigation and 
flow those piers offer. 

Subways have as advantages freedom from interference with the 
streets and their traffic and the river and its traffic, and freedom from 
interference with their own traffic by bad weather. On the other 
hand they involve continual artificial lighting and ventilation. 

A few facts pertinent to the present problem may be set out with 
advantage. 

Approximately the population in and around Liverpool may be 
taken at 850,000 persons, while that on the Cheshire side is 275,000. 
The aggregate number of Ferry passengers crossing the river is 
about 35 millions per annum, or nearly 100,000 per diem, and that of 
vehicles over half a million per annum. The single passenger journeys 
on the Mersey Tunnel Railway in 1913 were 16,524,000, or about 
48,000 per diem. During the year ending Ist July, 1912, the total 
tonnage in and out of the port paying dock tonnage and harbour 
rates was nearly 35,000,000 tons, while the total amount received in 
rates on vessels, and rates and dues on goods in the same period was 
over £1,500,000. 

In the consideration of the problem it is important first to see 
what the requirements are. 

They seem to be the provision of means of transit over or under 
the river of : — 

(1) Passengers whose journeys begin and end in the riverside 
towns. 

(2) Passengers whose journeys extend beyond the riverside towns 
in either direction or both. 

(3) Road vehicles used in general trade and private motor cars. 

(4) Goods to and from the docks. 

It is assumed that pedestrians will not be sufficiently numerous to 
justify any expenditure on provision for them. It is possible that in 
exceptionally agreeable weather some might walk across a bridge for 
the view or the novel experience. It is also possible that on the 
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opening of a subway some might walk through it, as it is said some 
walked or otherwise progressed through the Mersey Tunnel on the 
day of its official opening. After the first few days the number would 
be insignificant. How far would the several propositions satisfy 
those requirements ? 

The subway (1880-1890) would have given the provision under 
head (3) and to some extent that under (4), but as originally designed 
its gradients were too steep for both, and as ultimately amended the 
employment of lifts would have caused a very great restriction of its 
usefulness. It is difficult to believe that one narrow street with the 
meagre facilities for road traffic that it can afford, could be sufficient 
provision for the cross river dock traffic of the port, if that part of the 
business of the port is to be adequately provided for. No accommo- 
dation for (1) or (2) would have been provided by this subway. 

The Webster-Wood bridge would provide for (1) in respect of 
Birkenhead but not of Wallasey. It would serve (3) for Birkenhead 
and to some extent for Wallasey, and it would serve (4) with the same 
restriction as mentioned in the case of the subway (1880-1890). It 
would not be useful for (2). 

The Chase bridge would provide for (1) in respect of Wallasey 
but not for Birkenhead, for (3) for Wallasey and to some extent for 
Birkenhead. It would serve (4) with the limitation mentioned in the 
previous bridge and subway. It would not serve (2). 

The Mallins Tunnel or tunnels would afford provision for (1) and 
(3), but would not be useful for (2) or (4), although it or they could 
be made to serve these purposes by additions of the kind referred to 
in Mr. Mallins’ Report. 

It appears therefore that while the subway (1880-1890) would 
have afforded restricted accommodation for motor cars and trade 
vehicles used in the general trade, and less adequate accommodation 
for the dock traffic, the bridges would give passenger facilities between 
Liverpool and Birkenhead in one case and Wallasey in the other, and 
restricted accommodation for general and dock road traffic. In the 
later proposition this is restricted to motor vehicles capable of 
negotiating steep gradients. 

The Mallins scheme would give passenger facilities between 
Liverpool and Birkenhead and Wallasey, and if the gradients at 
Seacombe and Birkenhead are practicable it would also provide for 
the general trade vehicles. Inasmuch as the existing passenger 
accommodation between the riverside towns by means of the ferries 
and the Mersey Tunnel is still equal to the necessity, a provision of 
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that kind is not at present of value equal to that of the other | 
services, although improvement in it should be made whenever the 
opportunity offers. 

The improved facilities required, arranged in order of their im- 
portance, seem to be:—Provision for dock traffic; provision for 
through railway passenger traffic ; provision for road traffic ; increased 
provision for local passenger traffic. 

The dock traffic can only properly be accommodated by means of 
a railway coupled to all the lines which serve the docks on both sides 
of the river. This should be constructed in such a manner as to 
accommodate ordinary railway rolling stock, but it should be worked 
electrically by heavy locomotives, built for the purpose. Such a 
railway could scarcely be built above ground and therefore must be 
in tunnel. 

The through passenger railway communication should couple 
all the lines on both sides of the river so that a passenger from any 
line on either side could reach any terminal station on the other 
side. This also must be in tunnel. There is no reason why the 
existing railway should not be extended so as to comply with this 
condition. 

The road traffic could properly be confined to motor vehicles, and 
could be accommodated in a subway having a roadway 27 feet wide 
with narrow footpaths on both sides. 

The local passenger traffic could properly be accommodated in 
the present tunnel, a branch being made from Park Station to 
Seacombe. With more suitable rolling stock arranged for the rapid 
filling and emptying of the coaches the present service on this railway 
could be doubled. 

If it were found necessary to develop a system of tube railways, 
such as that suggested by Mr. Mallins, it would not be necessary to 
provide a new tunnel for them, but they could be coupled to the 
extended system from the Mersey Railway at convenient points on 
the circle passing under the terminal stations in Liverpool. 

The line of the Mersey Tunnel is not the best that could be found 
to give direct communication between Liverpool and the several 
populous centres in Cheshire, but as the tunnel exists in that position 
it will probably be found convenient to make use of it in the provision 
of further facilities. 

For economical reasons the whole of the means for cross-river 
traffic should be in the hands of one body, who should acquire the 
Mersey Railway and extend it in the manner suggested. 
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Whatever further provision of tunnels may be decided upon should 
be made parallel with and close to the existing tunnel, so as to use in 
common the drainage and ventilation tunnels already existing, and to 
use collectively also the generating stations, hydraulic power stations 
and other equipment necessary for all the tunnels ultimately 
constructed. 

Whatever scheme or schemes are eventually carried out will 
involve some interesting engineering problems, but the difficulties 
will be found in the formation of the Body in whose control the 
undertaking is to be placed, and in the method of levying the cost 
upon the constituent towns. When the time for those operations 
arrives it is to be hoped that prudence may guide and jealousy be 
suppressed, and that each town will recognise that its advantage is 
dependent on the prosperity of the Port and that the prosperity of the 
Port depends upon the perfection of its equipment and convenience, 
upon the readiness with which business can be done and the con- 
venience and economy of living. 


The President 


Mr. Given 
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DISCUSSION. - 


The PRESIDENT moved a vote of thanks to Mr. Priest for his 
introduction to the discussion. 

Mr. E. C. GIVEN said that in view of his rather difficult position as 
a member of the Special Committee of the City Council which was 
now considering the problem, he would not venture to express any 


opinions on the subject matter of the discussion. He would like to 


say, however, that the engineers of Liverpool would carry out any 
suggestions that might be adopted if the necessary capital was 
forthcoming, and with such speed as modern methods would enable 
them to do, which would be greatly in excess of past works. It was 
an almost foregone conclusion that traffic could be created and 
increased by the provision of facilities, and he trusted that engineers 
would not feel themselves bound, in advocating any particular scheme, 
by the present cross-river traffic. It had been said that Liverpool was 
suffering from congestion of dock and street traffic, and that Birkenhead 
was suffering from a lack of traffic, due to want of manufacturing and 
other industries. It seemed that any scheme that would relieve 
Liverpool's congestion of traffic and simultaneously promote manu- 
factures around the neighbourhood of the Birkenhead docks, would 
be something that would promote the welfare of the Port in its 
broadest sense. 

One question fundamental to the whole matter was whether the 
means of communication which would be provided should be free or 
subject to toll. If the scheme took the form of a railroad, it went 
without saying that it would be subject to tolls and charges, but if a 
subway was provided for road traffic, it was open to discussion whether 
it should be subject to tolls, or free. It had been said that an 
authority's first function was to provide free and open roads. It was 
generally admitted that even the “Halfpenny Bridge," on which a 
penny toll was charged, had to some extent crippled traffic, and if that 
were so, it was only a further argument that a free and open road 
promoted traffic. Another important problem of the present day was 
that of the provision of trunk roads for motor traffic. On one road 
which he had in mind, on the East coast, there were three tolls within 
a length of 14 miles, and nobody would assert that that was a means 
of promoting traffic. If traffic and business were to be increased on 
this coast it was an important question whether consideration should 
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not be given once and for all to the provision of a free and open 
roadway. 

It was important also to consider whether this question should be 
approached from the point of view of passenger traffic, railroad traffic, 
or road traffic. London had set an example by providing by its public 
bodies, two road tunnels, the Blackwall tunnel and the Rotherhithe 
tunnel. In each case there was an open 16 feet road, without toll, 
and a footwalk on either side. It might be interesting, as bearing on 
some of the points which Mr. Priest had introduced, to observe that 
in the first of those tunnels substantial provision was made for 
ventilations and drainage. 

It had since been found that neither were necessary, and in the 
Rotherhithe tunnel, no substantial provision was made for ventilation, 
whilst a 6-inch pipe was all that was required for purposes of drainage. 
The stream of traffic that could be carried by a 16 feet roadway was 
such as would materially reduce the question of congestion. The 
traffic on the Mersey was a thing to be proud of, but at the same 
time, one could not watch the congestion at the floating bridge 
without wondering whether it was not possible to do something 
better. It might be wise to leave the passenger traffic to the future ; 
and if a constant and open roadway of 16 feet were provided, with 
branches to. Seacombe and Birkenhead, and two, three, or more 
approaches on the Liverpool side, thus simultaneously reducing the 
congestion of the cross river traffic and that in the neighbourhood of 
the Pier Head, the trouble with heavy dock traffic, and possibly that 
also with the passenger traffic, would be materially reduced. It had 
been estimated that such a tunnel could be constructed for from 11 
to 14 millions sterling. Further, that on the rateable value of the 
adjacent boroughs, such a free and open road could be provided for a 
3d. rate, which would cover sinking fund and interest, so that at the 
end of a period of 30 years it would be the permanent possession of 
the neighbourhood, free of cost. If during that period it was found 
to be inadequate to deal with the congestion, it would be possible to 
duplicate it either on the same lines or on such improved lines as 
experience would indicate. So far, he had spoken only on the subject 
of tunnels. It had been pointed out that in dealing with traffic by 
means of electric railways or tramways, a rate of 24d. per mile would 
provide an adequate fund, and he believed, on the best authority, 
the present railway charges amounted to barely half that figure, 
including terminal charges. 

It might be somewhat unorthodox to criticise the methods of the 
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Mersey Docks and Harbour Board, but having had an opportunity of 
studying the question, he could not help mentioning one matter. In 
Liverpool, the dock quay was approximately 6 feet wide between the 
ship and the shed. In Manchester and at many ports on the Con- 
tinent and in America, railway lines were laid between the ship and 
shed. It meant that in Liverpool about 5 per cent. of the goods 
discharged or loaded from the ships were handled direct by the 
railways to the ship, whereas, in other ports it ranged anywhere up to 
90 per cent. The result was that the difference was in the hands 
of the carters, and that the speed of transit of these goods, as 
Mr. Molyneux had told them in a recent paper, was somewhere about 
2 to 24 miles per hour, and this only during the hours that the carters 
worked. Again, in Liverpool, the floor of the warehouse or dock 
shed was on a level with the quay, except as regards the storage 
sheds, and the goods landed on the quay had to be raised again 
before they could be placed on the wagon or railway truck. 

In his historical notes, Mr. Priest had not referred to a report 
which was made in 1860 by an engineer who visited Liverpool in 
connection with a proposed bridge at Londonderry, and who went 
into considerable detail. 

There was one important point which ought not to be lost sight 
of, and that was that all the proposals, whether for bridges or tunnels, 
which included the question of lifts, provided only a very limited 
relief to the present congestion, as the lift, being an intermittent source 
of relief, was only small in its operation. The question of bridges he 
had barely touched upon, because probably the opposition from the 
sea-going community and from the Dock Board to any bridge which 
had not a clear span of 3,000 feet, would be such that the proposal 
would hardly reach an advanced stage of promotion. It was interesting 
to bear in mind that New York, with its two rivers, had met its 
difficulties by a number of tubes, tunnels and bridges. On the one 
side it had its three suspension bridges, but until this year no 
proposal had been made to bridge the other river. The proposal 
which had been put forward this year was one which must command 
the attention of all engineers, as it provided for four lines of railway, 
four streams of cart traffic, two streams of tramway traffic, and two 
passenger roadways. The estimated cost was about £8,000,000. 
He did not bring that proposal forward as any contrast to Liverpool, 
except as showing that when necessary the engineer would rise to the 
demand. 

Mr. L. H. Case said that it was evident that if the railways 
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were to be connected it must be by a tunnel. Of course, the 
cost would be very great. When he proposed his scheme he was 
asked whether it was possible to build a bridge which would not 
interfere with the river traffic, and for that reason he assumed an 
extreme height and width so that the bridge could not be objected to 
on the score of obstruction. Also, according to his system for the 
approaches, any gradient could be arranged. The object was to 
provide for motor and tram traffic, while most of the other schemes, 
by providing for mixed motor and horse traffic, became so expensive 
as to be outside the possibility of realization. Traffic was at present 
in such a transitionary state that perhaps it would be wise to wait 
until it was conducted more widely by motor than it now was. What 
he had succeeded in showing was that the cost of building a bridge 
suitable for what appeared to be the coming conditions of traffic was 
much lower than was generaliy estimated. With quick motor traffic 
a bridge would carry an immense amount of traffic at a comparatively 
very small original cost. 

Mr. Coar S. Pain said that Mr. Priest, no doubt for the best 
of reasons, had omitted to mention one of the earlier proposals, 
which was a bridge designed by the late Mr. Brunlees and which 
crossed the river considerably to the South, somewhere in the 
vicinity of New Ferry. He did not remember the details, but so far 
as he could recollect, the height of that bridge would not have 
passed muster at the present time. The question of cross-river 
transit was a complicated one. The accommodation for ordinary 
pedestrian traffic was fairly well met. It was quite true that by 
improving the means of communication traffic would increase, as no 
doubt had been the case since the creation of the Mersey Tunnel. 
On the other hand, the question of population to be carried from 
one side to the other ought not to be disregarded, and it was very 
difficult to say whether further facilities were really necessary. Pro- 
vision for pedestrian traffic was certainly out of the question. The 
time occupied in walking over a bridge or through a subway would 
be greatly in excess of that spent in crossing by the ferryboats or 
the Mersey Tunnel Railway. With regard to goods traffic, he did 
know whether there was a sufficient volume of cross-river goods 
traffic which would pay for either a bridge or tunnel. It seemed to 
him that a tunnel scheme providing a sort of universal line was 
practically an impossibility owing to the competition between the 
railway companies. The question arose as to who was to pay for 
such a scheme—the public or the various authorities—and whether it 
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would be a remunerative undertaking. That was a very difficult 
problem, but he could scarcely believe that a free and open bridge 
would justify the expenditure to which the authorities would be put. 
He had thought of the possibilities of improving the means of 
transit, particularly for light vehicular and passenger traffic, by an 
improved system of ferries. The present difficulties were due largely 
to the time lost in getting alongside the landing stages owing to the 
velocity of the tide. His idea was that by getting the boats into a 
recess where there was no current, the speed of embarking and dis- 
embarking might be accelerated. It was a crude idea, but might be 
capable of development. When the Liverpool Landing Stage was 
reconstructed, something of the sort was contemplated by the late 
Mr. Lyster, and an embayment was formed for the goods boats, 
but it was afterwards abandoned, and possibly the same difficulties 
which led to that abandonment would apply to his suggestion. 

Mr. W. D. KIRKPATRICK thought that it was essential that there 
should be some improved means of handling the enormous cross-river 
traffic, but reference should be made in a discussion upon this subject 
as a tribute to the foresight of the engineers of 25 and 30 years ago 
whose methods of handling the cross-river traffic had been capable of 
such immense expansion. The time was opportune because it was 
evident to all concerned that with the present facilities not much more 
traffic could be satisfactorily dealt with. He referred particularly to 
the Wallasey traffic, because to the most casual observer, it would be 
obvious that the greatest congestion existed at the Wallasey Ferries, 
and more particularly still, to the passenger traffic. It appeared to 
him that the most necessary step was the immediate extension of the 
Liverpool Landing Stage, not only to the North as the Dock Board 
now proposed, but to the South also, and such Southern extension 
should take the form of a length equal to two extra berths for the 
Wallasey boats and one for the Woodside boats, with the provision of 
an extra bridge, similar to the one recently constructed. Turning to 
the Cheshire side, he advocated an extension of the Seacombe Stage 
to the North of the present structure, and the provision of an extra 
bridge, one half of the new bridge being used for passengers going to 
the Lancashire side and the remainder for passengers travelling to the 
Cheshire side. That would enable two boats to be alongside at the 
same time—one loading and the other unloading. It would also 
enable passengers for the Lancashire side to be marshalled in the 
centre ready to embark on either boat. Ifthe roofs of the present 
sheds on the George’s Stage were flattened out, passengers could be 
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landed directly on to them from the top decks of the boats, much of 
the present congestion thus being avoided. The carrying out of such 
suggestions would render the ferry service ample for many years 
to come. 

With reference to Mr. Pain’s suggestion for bringing the boats into 
a recess, anyone who had knowledge of navigation on the Mersey 
would know that during a strong spring tide it would be impossible 
to navigate a boat into sucha recess. The tides were such that it 
was only possible to get alongside a structure, and it was probably 
that fact which had led the Dock Board to fill in the embayment 
at the Prince’s Stage. 

Those who had studied the Parliamentary powers of the Dock 
Board must have noticed a clause in which power was sought to 
charge a toll for passengers using the existing and extended Prince’s 
Stage. A good deal had been heard of the large sums which the 
railway companies were obtaining from their system of platform tolls, 
and in addition to providing revenue for the Dock Board, such a toll 
would no doubt lessen the congestion which existed on the Landing 
Stage on many occasions by persons who had no intention of crossing 
the river. He would be sorry to see the people deprived of their walk 
on the Stage, but it certainly seemed a pity that the traffic should be 
hampered by people who did not intend to cross. 

Mr. Priest had referred to the various extensions of facilities that 
had been provided, and had mentioned the system of “barging 
* between the docks of the Port on either side of the river," and 
probably that was what would happen if there was any question of 
cost to be shouldered upon any individual body, and the Wallasey 
and Birkenhead Corporations would be sure to oppose any scheme 
except the extension of the existing facilities. 

Mr. G. A. Moore, speaking as a member of the Chamber of 
Commerce, said that from a commercial point of view, the one want 
which stood out far beyond everything else was improved means of 
communication between the two systems of docks. The system of 
docks on the Liverpool side had been extended as far North and 
South as possible, without making the journey from end to end almost 
prohibitive, whilst on the other hand, Birkenhead had a magnificent 
system of docks which had never been properly utilised. It would be 
an enormous advantage to the Port if a really satisfactory system 
could be devised for the carriage of goods straight across from 
Lancashire to Birkenhead, but there were a great many difficulties, 
not only the difficulties connected with a tunnel, but the connection 
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with all the railways would form a very difficult problem to engineers 
and railway managers. It was, however, the outstanding want that 
faced them at the present time. Next to that was the necessity for 
some extra facilities for the wheel traffic crossing the river. His own 
feeling was that the present facilities might be very greatly improved. 
The floating bridge, as had already been mentioned, was altogether 
inadequate. He agreed with Mr. Given, who had said that a bridge 
across the Mersey was out of the region of practical politics. When 
there seemed to be a likelihood of the question of a bridge being 
discussed at the Council of the Chamber of Commerce, the General 
Manager of the Dock Board had communicated with the Chamber 
to the effect that the Board would consider it their duty to oppose to 
the utmost any suggestion involving piers in the river. The objec- 
tions to a bridge were very great. He thought, however, that the 
ferry traffic might be improved. So far as passengers were concerned, 
he agreed with Mr. Pain that there was little to complain of. One 
of the things that had been a hindrance was that the Dock Board 
received nothing out of the ferries, the profits from which went 
to the Cheshire side. The Dock Board had to provide certain 
facilities for the passenger traffic for which they got no return. There 
was one point which he thought had been rather shirked, viz., the 
question of cost. In considering the cost of the various schemes, 
people had overlooked the fact that there existed certain vested 
interests which he did not think Parliament would consent to see 
confiscated. | 

Dr. J. OLDERSHAW, speaking as a Wallasey resident, and one who 
was interested in Wallasey, said that he had first to ask himself 
whether either a bridge or a tunnel was required. He was fairly 
familiar with the traffic conditions of the last 30 or 40 years, and 
some years ago he had thought that a tunnel from Liverpool, with 
branches to Seacombe and Birkenhead, would be ideal, but he had 
lived to think that it was unnecessary. Wallasey was particularly a 
residential district, to which questions of goods traffic and road traffic 
did not apply. The passenger traffic, however, did. Was it really 
necessary to carry people across the river by bridge or by tunnel? As 
soon as the business offices in Liverpool were closed in the evenings, 
the cross-river traffic was over. The whole of the traffic concentrated 
itself within a few hours in the morning and a few hours in the 
evening. The population of Wallasey was 83,000, and of that 
number, 14,000 earned their living in Liverpool, crossing the river 
sometimes three or four times per day, and they were easily dealt 
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with by the ferry boats. People lived on the Wallasey side for the 
sake of the cross-river journey by boat. Then there was the summer 
traffic and the holiday traffic. How many would go to Wallasey by 
a bridge or a tunnel? It was the sail across the river to which 
Wallasey owed its popularity as a residential place. He quite agreed 
as to the better facilities which might be provided for the traffic in 
Liverpool, but the bridge or tunnel would not suit the Liverpool 
people. It would be found that Wallasey would have to be dealt with 
separately. So far as direct railway communication was concerned 
between Wirral and Liverpool, that was another question. Already 
there was the railway by Seacombe and the Mersey Tunnel, but 
people still took contracts by the ferries, and he might say without 
hesitation, that of the 14,000 people who crossed the river each day, 
at least two-thirds did it for the pleasure of riding over the surface of 
the water. The question of vested interests, to which Mr. Moore 
had referred, was important. Wallasey had paid a great deal of 
money for its ferry rights and in developing them, and they were now 
worth in the open market £500,000 to £750,000, and if greater 
facilities were provided on the Liverpool side, the undertaking was 
capable of still further development, and in Wallasey they would 
deprecate being called upon to pay anything towards the con- 
struction of a bridge or tunnel, if by so doing they were deprived of 
their ferry. 

Mr. T. R. Witton thought that perhaps Mr. Priest would give 
some information with regard to his suggestion for the provision of 
tubes, and a comparison of the cost of these tubes, with the additional 
cost which would have to be incurred for the alternative street 
widening. 

Mr. Pain had put forward a suggestion relative to getting the ferry 
boats into recesses in the stage. 

Mr. PAIN said that he intended to say recesses in the shore. 

Mr. WILTON thought that there was a great objection to such a 
course, as slack water in such a position would cause silting, and either 
sluicing arrangements or dredging would be necessary to keep these 
places clear. The question of floating roadways had been introduced, 
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and it appeared to him that some advantage might be obtained if, . 


instead of only two tracks, three were provided, the third being for 
use in case of a breakdown on either of the other two. 

In considering the comparative merits of a bridge and a tunnel 
one point was often overlooked, and that was, that in a Port such as 
Liverpool, with the headroom necessary for its waterway, the actual 
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distance to be traversed by a bridge would be greater than that to be 
traversed by a tunnel, because the approaches would be greater in 
length than the actual distance across the bridge, and these approaches 
would be shorter for a tunnel because it was not necessary to go so 
far down below the ground as it was to go up in the case of a bridge. 
Taking, for instance, a bridge with an approach of 1 in 30, the total 
distance would be roughly about 22 miles, and by tunnel, where such 
long approaches would not be needed, the total would probably be 
about 2 miles. Probably most people would agree that it would be 
far pleasanter to cross by the ferry boats than to go down into a tunnel 
in a tram which would be more or less jolty. Further, under any 
financial conditions it was possible to imagine, he did not think it 
would be possible for passengers to be taken in trams under the river, 
say, to Wallasey, at the rate at which they could go by boat at the 
present time. "Taking the distance as 2 miles, it would not be 
economically possible to carry passengers for ld., which was the 
amount for which contractors to Wallasey managed to get carried 
across the Mersey. 

So far as heavy traffic was concerned the tunnel appeared to have 
advantages over the bridge owing to the shorter distance, and also in 
meeting any trouble in the future from increased axle loads, which, 
although they would only involve a better road surface in a tunnel, 
would possibly render partial reconstruction of a bridge necessary. 

Lieutenant W. H. Fry, R.N.R., thought that some of the state- 
ments which had been made in the course of the discussion required 
a little correction. One speaker, in referring to the new bridge which 
had recently been erected at the Liverpool Landing Stage, had said 
that the Dock Board had borne the cost of it. As a matter of fact, the 
cost was borne jointly by the Wallasey and Birkenhead Corporations 
and the Dock Board. With regard to the luggage traffic, it seemed to 
him that the possible solution of the present difficulty was to increase 
the facilities not only by running a greater number of boats to one 
point, but by allowing the boats to sail to those points near to which 
it was necessary that the goods should be delivered. A large quantity 
of goods had to go to the extreme North end of the docks, and 


. enormous congestion took place on the road. Since it was a well 


established fact that water traction was much cheaper than any other, 
it would be an advantage to have a service of luggage steamers 
travelling to the North end of the city, say in the neighbourhood of 
the Alexandra Dock, and similarly to the South, in the region of the 
Herculaneum or Queen's Dock. The proposed improvements at the 
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Landing Stage had not been lost sight of by the Wallasey Ferries 
Committee. A proposition was already before the Dock Board for 
improving the landing facilities from the Seacombe boats, by the 
provision of an overhead bridge, which would enable passengers to 
walk directly on to the Pierhead from the top deck of the boats 
without touching the main Deck of the Landing Stage. The scheme 
would involve a heavy expenditure, and of course the question was, 
who was to provide the sum required. The Wallasey Corporation felt 
that the responsibility did not rest entirely on their shoulders. An 
enormous proportion of the passengers were Liverpool ratepayers and 
Wallasey residents. He was probably not betraying any confidence in 
saying that the Dock Board had refused to move in the matter until 
the Wallasey Corporation agreed to pay the whole of the expense. 

He thought that there had been a great deal of exaggeration on 
the subject of congestion. During at least 75 per cent. of the time the 
boats were not loaded to 10 per cent. of their capacity. Between the 
hours of 8 and 9 a.m. 10,000 persons were handled per hour. The 
whole of the passengers by the three ferries could be comfortably 
carried by one of the services alone. Over 50 per cent. of the 
passengers using the Wallasey Ferries were those who used the district 
as a summer resort, and it was absurd to suppose that those people 
would go burrowing under the river in a tunnel. 

Mr. F. S. LEGGE observed that the question of cross-river traffic 
was one that had been greatly to the fore recently. He had been 
glad to hear Mr. Pain and Mr. Moore say that there was no complaint 
to be made in regard to the facilities for passenger traffic across the 
river. So far as the goods traffic was concerned, admittedly there 
had been times of congestion. The goods traffic was a rush traffic, 
and, like the passenger traffic, was heaviest in the mornings and 
evenings, but a few years ago, when the traffic increased, the 
Birkenhead Corporation had provided another steamer, which had 
justified herself, though at times the traffic was simply being kept 
afloat rather than being carried across, because of the lack of berthage. 
The solution of the problem was the provision of additional berthage 
on either side of the river, and means of getting the traffic at low water 
up to the level of the dock road, and that surely was not a matter that 
would offer any difficulties to engineers of the present day. He had 
recently read an article in “ Engineering” on the methods employed 
.in America, in regard to lifts. One weighed about 900 tons, and 
ascended 125 feet in 45 to 60 seconds. To lift traffic to the level of 
the dock road in Liverpool a rise of only 35 feet was required, and 
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the maximum load would not exceed 50 tons. If such methods were 
adopted here, the floating bridge would be relieved and the heavy 
traffic could be separated from the light. Motor vehicles formed a large 
proportion of the cross-river traffic, and it certainly was annoying for 
the occupant of a motor car to be delayed behind a vehicle moving 
at a very slow pace, and having to wait his turn to go on board the 
boat. If some means of lifting the traffic from the water level at dead 
low water could be devised, the congestion would be removed, and 
with additional berthage it was obvious that the goods could be con- 
veyed across the river at the same rate of progress as were the 
passengers, which could not be improved by any subway or high 
level bridge. The Birkenhead Ferries Committee were alive to the 
necessities of the cross-river traffic, and were doing their best to 
facilitate it; they were at the present time contemplating the con- 
struction of a new goods steamer, especially designed with a view to 
rapid unloading. 

Mr. PRIEST, in reply, said at the trend that the discussion had 
taken seemed to show that there was nothing to remedy, that the 
remedy was going to be applied at once, and ata very small cost. 
That was the state of all healthy communities. If there were no 
improvements necessary in the means of transit of the present day, 
the Mersey would be in a state of decay. It was necessary to be 
always improving the ferries communication, and that was what 
everybody was doing at the present time. 

With regard to Mr. Wilton’s remarks as to the relative cost of 
tubes and street widenings, he had to confess himself unable to 
answer the question, because the cost must depend upon circum- 
stances. Street widenings were impossible in many places except at 
a cost which was quite prohibitive. Tubes were always costly. In 
the case of a very expensive street, the tube, whatever its cost, was 
the proper thing to use. There were, however, some streets which 
ought not to continue to exist, whether the traffic was great or 
little, and those were the streets in which widenings should be 
undertaken. 

He had been careful not to speak on the question of the cost of 
any of the schemes, because estimates of costs of schemes that were 
only in embryo were misleading at best, and a scheme must reach 
some definite form before one was justified in thinking of the cost. 
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ANNUAL GENERAL MEETING, 
29th April, 1914. 


FRANCIS E. COOPER, Assoc. M. Inst. C.E., President, 
in the Chair. 


The scrutineers of the ballot reported the election of the Officers and 
Council for 1914-1915 as follows :— 


President— 
ERNEST C. GIVEN, M. Inst. C.E., M.I. Mech. E., M.I.N.A. 


Vice-Presidents— . 
Professor E. W. MARCHANT, D.Sc. (Lond.), M.I. E. E. 
ALARIC Hope, M. Inst. C.E., M.I. Mech. E. 


Members of Council— 
J. Wemyss ANDERSON, M. Eng. (Z'fool), T. L. MILLER, M. Inst. C. E., 


M. Inst. C.E., M.I. Mech. E. M.I. Mech. E., M.L.E.E. 
WILLIAM E. MiLrs, F.S.I. 


ARTHUR C. AUDEN, M. Inst. C. E. 
E. J. NEACHELL, 

Jonn A. Bronie, M. Eng. (Z'fool), M.I. Mech. E., M.I.E.E. 
Wh. Sc., M. Inst. C. E., M.I. Mech. E. THOMAS M. NEWELL, M. Inst. C. E. 
COARD S. PAIN, Assoc. Inst. C. E., F.S.I. 

FRANK E. PRiEST, M. Inst. C.E. 


J. RENEY SMITH, M.I. Mech. E., 
M.I.N.A. 


HAROLD DICKINSON, M. Inst. C. E., 
M.I. Mech. E., M.LE.E. 


Joun Dykes, M.I.N.A., M.I. Mar. E. 


Past- Prestdents— 


In accordance with Rule IV, the following Past-Presidents are ex-officio Members 
of Council for five consecutive years after their retirement from Office. 


WILLIAM BRODIE, M. Inst. C.E., 1909-1910. 
EDWARD ALLEN, M. Inst. C.E., M.I. Gas E., 1910-1911. 
W. J. WiLLETT BRUCE, M.I. Mar. E., 1911-1912. 


Professor W. H. WATKINSON, M. Eng. (Zool), 
M. Inst. C. E., M.I. Mech. E., M.I.E.E., 1912-1913. 


FRANCIS E. COOPER, Assoc. M. Inst. C. E., 1913-1914. 


Honorary Solicitor—ERNEST W. PIERCE, 
Deputy Town Clerk, Municipal Buildings, Liverpool. 
Honorary Librartan—BERNARD RATHMELL, M.I. Mech. E., 
1], Redcross Street, Liverpool. 

Honorary Treasurer—J. R. Davipson, M. Sc. ( Vict.), Assoc. M. Inst. C.E., 
** Woodstock," St. Mary's Road, Huyton, Near Liverpool. 
Honorary Secretary—T. R. Witton, M.A. (Cantad.), Assoc. M. Inst. C. E., 

1, Crosshall Street, Liverpool. 


NoTeE.—In accordance with Rule V, the above Council commences its duties 
on the first Wednesday in November, 1914, and continues in Office 
until the first Wednesday in November, 1915. 
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REPORT.—XL SESSION. 
1913-1914. 
(From 5th November, 1913, to 29th April, 1914.) 


THE retiring Council presented the following Report upon the state of 
the Society. 


THE ROLL OF THE SOCIETY. 


The additions to the Roll of the Society at the close of the Annual 
General Meeting on 29th April, 1914, excluding transfers, have been 28, 
compared with 48 in the previous Session, comprising 21 Members, 
1 Associate and 6 Students, in addition to 1 Associate Member 
having been transferred to the class of Members, and 1 Student having 
been elected an Associate Member. 


There have been 29 names removed from the Roll, compared with 
23 last Session. Of these, 6 have died and 18 have resigned. 


At the present time the Roll of the Society stands at 599, made 
up as follows:—6 Honorary Members, 455 Members, 35 Associate 
Members, 40 Associates and 63 Students, being a decrease of 2 from 
last Session. | 


THE SESSION AND MEETINGS. 


The present Session was opened on the 5th November, 1913, by the 
President, Mr. Francis E. Cooper, Assoc. M. Inst. C.E., who delivered 
his Inaugural Address, dealing with Developments in Road Traffic. 


The Address was succeeded at subsequent Meetings by Papers upon 
various Engineering subjects, as follows :— 
1913. 

19th November—Mr. F. T. Aman, Assoc. M. Inst. C. E. 
* Subways for Pipes in City Streets." 

3rd December—Mr. G. Kenyon BELL, Assoc. M. Inst. C. E. 
“ Railways for Development Purposes." 

17th December—Mr. ARTHUR C. AUDEN, M. Inst. C. E. 


* Modern Developments in the Structure and Equipment of 
Large Buildings." 
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1914. 
7th January —Mr. OswiN Hansom, A.M.I. Mech. E., A. M.I. E. E. 


**'The Growth of Public Electricity Supply.” 


21st January—Mr. T. MornvNEvx, M.I. Mech. E. 
* Motor Transport on Roads." 


4th February—Discussion on Mr. Molyneux's Paper. 


18th February—Mr. J. R. Davipson, M.Sc. (Vict.), Assoc. M. Inst. C. E. 


** Some Dam Failures.” 


4th March— Mr. GILBERT FowLERn, D.Sc., F.I.C. 


“The Present Position of the Sewage Disposal Problem.” 


18th March—Lieut. J. W. Gracey, R.N.R. 
“The New Mersey Bar Lightship.” 


Ist April—Mr. E. W. PIERCE. 


‘The Principles of the Law governing the relation of Master 
and Servant as moditied by the Employers’ Liability 
Act, 1880, and the Workmen’s Compensation Act, 1906,” 


15th April—DiscussioN on ‘‘ Proposed Improvements in the Transport facilities 
between Liverpool and the Cheshire side of the Mersey.” 
Opened by Mr. F. E. Priest, M. Inst. C. E. 


29th April ANNUAL GENERAL MEETING. 
Announcement of Election of Council and Officers. 
Report of Council for the XL Session. 


Honorary Treasurers Annual Statement of Receipts and 
Expenditure for the year ended 31st December, 1913. 


Presentation by the President of the Derby Gold Medal, 
Society's Premium, and of Diploma Certificates to those 
Members, Associate Members, Associates and Students 
who had been elected to the Society during the Session. 


Appointment of Auditor for Session 1914-1915 (in accordance 
with Rule VI). 


STUDENTS! SECTION. 


During the past Session five Students’ Meetings have been held, and 
the Council are pleased to report that these Meetings have been very 
successful, and both the papers read and the discussions resulting have 
proved most interesting. 
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Mr. J. M. Linton Bogle, B. Eng. (Zool), Stud. Inst. C.E., who was 
elected Student Secretary for the Session and has done much to further 
the interests of the Section, is succeeded by Mr. A. S. Watkinson, 
B. Eng. (Zool), who was elected Student Secretary at the Students’ 
Meeting of the Session on 16th April, 1914, the other Members of the 
Students’ Committee for the ensuing Session being: Messrs. E. W. Bell, 


A. P. Hitchens, W. R. E. Honner, A. W. Oxford, G. M. Ross, and 
E. Swinton. 


The Papers read by Students have been as follows :— 
1913. 
10th December—Mr. C. M. Bostock. 


* Modern Shipyard Practice." 
1914. 


14th January —Mr. A. S. Watkinson, B. Eng. (D'pool). 
* Brass Foundry Practice." 


llth February—Mr. J. M. Linton Boce, B. Eng. ( pool), Stud. Inst. C. E. 
‘The Artistic Responsibilities of the Engineer.” 
(Joint Meeting with the Manchester Association of Students 
of the Institution of Civil Engineers.) 


llth March—Mr. E. Swinton, B. Eng. (LZ’pool). 


** Corrosion." 


22nd April—Mr. E. W. BELL. 
“ Launching.” 


DERBY GOLD MEDAL. 


The Derby Gold Medal has been awarded for the 1912-1913 Session to 
Mr. T. C. Tobin, M.A. (Caz/aó.), M.I.N.A., Member, for his paper 
entitled :—** The Weight Factor in Merchant Ship Design,” read before 
the Society on 19th February, 1913. 


SOCIETY’s PREMIUM. 


The Council decided that two grants of the Society's Premium 
should be made for the same Session, and that these should be awarded 
to Mr. W. Mason, M. Sc. (Vict.), Assoc. M. Inst. C.E., A. M.I. Mech. E., 
Member, for his Paper entitled :—'* The Phenomenon of Yield Point in 
Metals under Stress," read before the Society on 5th February, 1913, and 
to Mr. E. J. Rimmer, B. Sc. (V:ct.), M. Eng. (Z’poo/), Assoc. M. Inst. C.E., 
Barrister-at-Law, Member, for his Paper entitled :—‘‘ The Legal Effect of 
an Engineer's Negligence or Mistake in Directing the Construction of 
Works,” read before the Society on 4th December, 1912. 
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THE DERBY GOLD MEDAL. 


The following are the conditions as to the award of the Derby Gold Medal :— 


1.—The Medal to be called the DERBY GOLD MEDAL. 


2.—The Medal to be awarded annually to the author of any paper 
read during the Session, which a Special Committee, appointed by the 
Council and consisting of the President, three preceding Past Presidents 
(ex-officio Members of the Council), and the Honorary Officers of the 
Society, may select as most worthy of such distinction. 


3.—The Members of the Committee at a Meeting called for the 
purpose, shall express their selection by vote, and in case of equality of 
votes the Chairman shall have a casting vote. 


4.—No Member of the Committee, having himself read a paper during 
the Session, shall take part in the adjudication. 


SOCIETY’S PREMIUM. 


The following are the conditions as to the award of the Societys Premium :— 


1.—That the Special Committee, consisting of the President, three 
preceding Past Presidents (ex-officio Members of the Council), and the 
Honorary Officers of the Society, appointed to award the DERBY GOLD 
MEDAL, be requested to make a recommendation annually to tue Council 
as to the award of the Society’s Premium to the author or authors of any 
paper or papers read during the previous Session which the Committee may 
consider worthy of such recognition. 


2.—No Paper, the author of which is a Member of the Council or for 
which the DEeRBY GOLD MEDAL is awarded, shall be eligible for the 
Society's Premium. 


3.— The Premium shall, subject to the approval of the Council in each 
case, be presented in the form of books or other articles which may be 
selected by the author of the paper as useful to him in his profession. 


4.— The value of the Premium shall in any year be such sum as the 
Council may prescribe not exceeding the sum which shall have accrued 
from the investment of the Society's Premium Fund and to be available for 
the purpose. 
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EXCURSIONS. 


The following Excursions have been made since the close of the 
XXXIX Session :— 
1913. 
13th June—The New Birkenhead Waterworks at Alwen, by the courtesy of the 
Engineers, Sir Alexander Binnie, Son and Deacon, MM. Inst. C.E. 


5th September—Rosyth Dockyard, by the courtesy of H.M. Government and of 
the Engineer, Mr. Cartwright Reid, M. Inst. C. E. 


ANNUAL DINNER. 


The Annual Dinner of the Society was held at the Midland Adelphi 
Hotel, on Thursday, 29th January, 1914, when about 200 Members and 
Guests were present. 


The Guests included, amongst others :— 


The Lord Mayor of Liverpool (Councillor Herbert R. Rathbone, J. P.); 
Commander H. P. Buckle, R.N.; The Worshipful the Mayor of Birkenhead 
(Councillor James Moon, J.P.); J. H. T. Tudsbery, Esq., D. Sc. (Secretary of the 
Institution of Civil Engineers); Alfred Chandler, Esq. (General Manager and Secretary 
of the Mersey Docks and Harbour Board); Stuart Deacon, Esq. (Stipendiary 
Magistrate); W. Forshaw Wilson, Esq. (President of the Liverpool Incorporated 
Law Society); Hastwell Grayson, Esq., M.A., F.R.LB.A. (President of the 
Liverpool Architectural Society); W. L. Hitchens Esq.; Councillor R. S. Porter; 
and W. H. L. Shubrook, Esq. (Chairman of the Liverpool Marine Engineers and 
Naval Architects). 


OBITUARY. 
(Obituary notices will be found at the end of the 


Volume of ** Transacttons.") 


During the past year the Society has lost by death Sir W. H. Preece, 
K.C.B., F.R.S., Hon. Member; Mr. R. E. Johnston, Past President ; 
Messrs. Freeman Burrows, Andrew L. Lind, W. E. Whittington and 
Edwin Woods. 


FINANCE. 


In accordance with Rule VI, the Honorary Treasurers Financial 
Statement for the year ending 31st December, 1913, has been duly audited 
by Mr. F. W. Marsh, C.A., and is presented herewith. (See pages 319-320.) 
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ALTERATION OF RULES. 


Acting on a report of a special Committee appointed by the Council 
dealing with the proposed alterations in the Rules with a view to the more 
rapid transaction of the business of the Meetings, a Special Meeting of the 
Society in accordance with the provisions of Rule VIII was duly 
summoned and held before the Annual General Meeting, when the 
following alterations in Rules were unanimously passed. 


That in Rule VII, after the word * Council” in the fifth line, the following 

paragraph be inserted :— 

At least seven days! notice of each Meeting shall be given to each member of the 
Society in the United Kingdom, and such notice shall state the nature 
of the business to be transacted at the Meeting, and shall also contain an 
epitome of the business transacted at the previous Meeting. 


That in Rule VII, after the word * Meeting" in the eighth line, the 

following paragraph be inserted :— 

When the business to be transacted at any meeting includes the election of 
Candidates for membership of the Society, the members desirous of taking 
part in such election shall attend before the ordinary time of meeting, and 
the ballot for the election of the Candidates shall take place during the 
period of fifteen minutes immediately preceding the opening of the Meeting. 


That the third paragraph of Rule VII, subsection (1) be amended to 
read as follows :— 


Confirmation of Minutes of Previous Meeting. 


That subsection (4) of Rule VII be deleted and the following 
substituted :— 


Declaration of Result of Ballot for Candidates. 


That subsections (5) and (6) be deleted and subsections (7) and (8) be 
renumbered (5) and (6) respectively. 


That the following be added to the last paragraph of Rule VII, 
immediately after the words “ Council for the ensuing year ” :— 


At this Meeting any Member, Associate Member, Associate or Student elected 
during the Session or attending for the first time, having paid his 
subscription and signed the register, shall receive his Certificate of member- 
ship and be introduced to the Society. 


The object of these alterations is to save the time hitherto taken up 
by the reading of Minutes, Balloting, &c., by printing the Minutes and 
taking them as read, and so to enable the reading of the papers by the 
authors to commence without delay. 
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THE LIBRARY. 


During the Session 72 volumes have been bound, making a total of 
657 during the past 8 years. l 


The following Periodicals are sent to the Society :— 


The American Marine Engineer The Marine Engineer and 
Cassier’s Magazine Naval Architect 
The Mechanical Engineer 

Page’s Weekly 

Power House 

Power and the Engineer 


The Contractors’ Record 
The Engineering Review 
Gas and Oil Power 


Indian Engineering South African Engineering 
Machinery The Steamship 
The Machinery Market The Surveying and Housing World 


The Library is generally open to Members of the Society every week- 
day, but the rooms are occasionally used for examinations or bazaars, so that 
it is advisable, before going to the Institution to consult the Library, to 
ascertain, by telephoning to the Caretaker, that the rooms are not occupied 
(Telephone 2770 Royal). 


The Library Catalogue has been corrected up to date, and is printed 
at the end of the “ Annual Report.” To facilitate reference, the shelves 
on which the books are kept have been indicated in the margin. 
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The following Table shows the progress made by the Society since its 
commencement in 1875 :— 


GROWTH OF THE SOCIETY. 


ESE. P| zg| 2 
^ £ E z = Z $ 2 = E E ro z Z £ ag p È President 
Year |$2| $2 |38| $ | $| & |S2ss8al $59| ^ for 
of] 29|229| a E. B |S Sel E| um s 
m=a| on |42 4 n dile Aas 3 each Session 
Z L 4 i e| x 
1875-76 | — ei. poer doe pom 51 = exe i = H. Graham Smith 
1877 3 08 | — | — | — 71 20 — 90 
1878 3 82 | = | — | — 85 17 3 14 | Robinson Souttar 
1879 3 738)}/—-|—j— 76 4 13 — | M. E. Yeatman 
1880 3 88 | — | — | — 91 93 8 15 | Alexander Ross 
1881 4 93 | — | — | — 97 18 12 6 | Alfred Holt 
1882 5 88 | — | — | ll | 104 10 3 7 | Frank B. Salmon 
1883 5 96 | — | — 8 | 109 10 5 5| Henry Bramall 
1884 5 99 | || — 6 | 110 16 15 ] | R. Ratsey Bevis 
1885 5 | 109 | .| — 4| 118 19 11 8 | William E. Mills 
1886 5 | 120 | — | — |11| 136 28 10 18 | Coard S. Pain 
1887 7 |144|—| — | 15 |. 166 32 2 30 | John J. Webster 
1888 6 | 151 | =>) — | 18 | 175 30 21 9| ©. H. Darbishire 
1889-90 | 6 | 169 | — | 1 | 16] 192 33 16 | 17 | Henry H. West 
1890-91 6. | 181. | — | 38 | 9| 199 20 13 7 | F. Hudleston 
1891-92 | 5 | 191 | — | 6 | HM [213 19 5 14 | John T. Wood 
1892-93 3.219 |—]| 8 |10| 240 35 8 97 | R. E. Johnston 
1893-94 | 2 | 221 | — | 11 | 13 | 947 29 99 7 | H. P. Boulnois 
1894-95 | 4 | 238 | — | 11 |21 | 974 4] 14 | 27 | H. S. Hele-Shaw 
1895-96 | 6 | 278 | -- | 18 | 20 | 322 61 13 48 | A. J. Maginnis 
1896-97 8 | 311 |= [25 | 19 | 363 49 8 41 | S. B. Cottrell 
1897-98 | 10 | 325 | — | 28 | 20 | 383 26 6 20 | George Farren 
1898-99 | 10 | 338 | — | 33 | 21 | 402 45 26 19 | John A. Brodie 
1899-00 | 10 | 416 | — | 55 | 21 | 502 119 | 19 | 100 | A. Bromley Holmes 
1900-01 | 10 | 425 | — | 59 | 24 | 518 27 11 16 | J. A. F. Aspinall 
1901-02 | 10 | 396 | — | 59 | 18 | 483 38 73 — | Arthur Musker 
1902-03 | 9 | 417 8 | 63 | 18 | 515 43 16 | 97 | Ernest S. Wilcox 
1903-04 9 | 434 | 11] 59 | 99 | 585 40 20 20 | Thomas L. Miller 
1904-05 9 | 421 | 17 | 55 | 26 | 598 42 49 — | Frank E. Priest 
1905-06 | 10 | 418 | 92 | 54 | 99 | 596 37 39 | — | J. Reney Smith 
1906-07 9 | 404 | 34 | 49 | 20 | 516 27 36 — | A. F. Fowler 
1907-08 7 | 419 | 40 | 50 | 19 | 535 49 23 19 | Thomas Duncanson 
1908-09 | 8 | 424 | 39 | 47 | 20 | 588 29 26 3 | A. R. T. Woods 
1909-10 | 8 | 409 | 35 | 45 | 19 | 516 18 40 | — | William Brodie 
1910-11 8 | 406 | 36 | 44 | 49 | 543 55 28 97 | Edward Allen 
1911-12 | 8 | 432 | 37 | 48 | 56 | 576 57 24 | 33 | W. J. Willett Bruce 
1912-13 | 7 | 457 | 37 | 42 | 58 | 601 52 27 25 | W. H. Watkinson 
1913-14 | 6 | 455 | 35 | 40 | 63 | 599 30 32 F. E. Cooper 
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The Society exchanges its Transactions with— 


American Association for the 
Advancement of Science 
American Institute of Mining Engineers 

American Society of Civil Engineers 
American Society of Mechanical Engineers 
Association of Engineering Societies, 
Boston, Mass., U.S.A. 
Association of Water Engineers 
Barrow and District Association of 
Engineers 
Bradford Engineering Society 
British Association for the 
Advancement of Science 
Canadian Society of Civil Engineers 
Concrete Institute 
Engineers’ Club of Philadelphia, U.S.A. 
Engineering Association of 
New South Wales 
Engineers’ Society of Western Pennsylvania 
Franklin Institute 
Geological Institution, University of 
Upsala, Sweden 
Institution of Civil Engineers 
Institution of Civil Engineers of Ireland 
Institution of Electrical Engineers 


Institution of Engineers and Shipbuilders 
in Scotland 


Institution of Gas Engineers 
Institute of Marine Engineers 
Institution of Mechanical Engineers 


Institution of Municipal and County 
Engineers 


Institution of Naval Architects 
Iron and Steel Institute 
Junior Institution of Engineers 


Liverpool University Engineering Society 
Liverpool Philomathic Society 

Manchester Association of Engineers 
Manchester Geological and Mining Society 


Manchester Literary and Philosophical 
Society 


Mining Institute of Scotland 


North-East Coast Institution of 
Engineers and Shipbuilders 


North of England Institute of Mining 
and Mechanical Engineers 


Royal Institute of British Architects 

Royal Institution of Cornwall 

Royal Meteorological Society 

Royal Philosophical Society of Glasgow 

Royal Physical Society of Edinburgh 

Royal Society of Arts 

Rugby Engineering Society 

Societa degli Ingegneri e degli 
Architetti italiani 

Sociéte des Ingénieurs Civils de France 


Société Suisse des Ingénieurs et 
Architectes 


Society of Arts of the Massachusetts 
Institute of Technology 


Society of Engineers 

South African Society of Civil Engineers 
South Wales Institute of Engineers 
Stevens Institute of Technology 
Surveyors’ Institution 

University of California 


University of Illinois Engineering 
Experimental Station 


Victorian Institute of Engineers 
Western Australian Institute of Engineers 
Western Society of Engineers 


The Transactions of the Society are presented to— 


Bootle Free Public Library 

Cambridge University Engineering Dept. 
Chief of Engineers U.S. Army 

** Engineer " 

** Engineering " 

** Engineering Review " 

Glasgow University Library 

* Indian Engineering " 


Total Number of Transactions 


other Societies — 72. 


Liverpool Free Public Library 

Liverpool University Engineering Dept. 
Manchester Free Public Library . 
Manchester University Engineering Dept. 
McGill University, Montreal 

* Mechanical Engineer " 

** Page's Weekly " 

Patent Office Library 


exchanged with, and presented to, 
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STUDENTS’ MEETING, 
22nd April, 1914. 
ERNEST C. GIVEN, M. Inst. C.E., M. I. Mech. E, M.I.N.A., 


Vice-President, in the Chair. 


* Launching." 
By E. W. BELL. 


IT is the author's intention to-night to bring forward for consideration 
what seem to him to be some of the main difficulties in the launching 
of a ship. 

To his mind, this process of launching ranks among the greatest 
engineering feats of the time, and it is only because of the continually 
repeated successes of the present day that it is regarded with com- 
parative indifference. But when one looks into the calculations which 
have to be executed to ensure a successful launch, one realises that 
the whole thing is the outcome of long years of experience, and most 
of it very dearly bought. 

Dealing with the subject from a practical point of view, it is 
astonishing how the fact that the ship has to be launched must be 
borne in mind all through the building thereof. First and foremost, 
the ship must be built on a declivity, ranging from about 8-inch to 
inch per foot, and this, in itself, makes the building much more 
difficult than in the case of a boat which is built, for instance, in a 
dry dock, for, obviously, when in the earlier stages of construction, 
she has a tendency to collapse down the hill, and the necessary 
counteraction of this tendency costs much time, anxiety, and there- 
fore, money. 

Then, again, everything which on the finished ship is vertical in a 
longitudinal direction, must be erected at an angle to the vertical 
before launching. This is the cause of many mistakes on the part of 
workmen, and much delay and annoyance is brought about in this 
way; so that all through the building, from the time the keel is 
laid to the time the ship is launched, the fact that the ship must be 
launched is the cause of much extra expense. 
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The actual preparing of the slipways for a launch is quite a long 
process. About three weeks or a month before the day of the launch 
the work of laying the ways is commenced. 

The first to go down, of course, are the standing ways. These are 
laid on blocks and packed up to the correct declivity. This declivity 
is slightly more than the declivity of the building blocks, and in the 
case of a big ship, is not constant, but gradually gets greater towards 
the river end, taking the form of a camber. It has been known to 
give as much as 2 feet camber in 600 feet. 

The effect of this is to shorten the time that the forward poppets 
are under strain by increasing the acceleration when once the stern 
end is water-borne. At the same time, it does not increase the 
tendency for the boat to start, so that there is not too big a 
strain on the rams and shores which hold her from starting prior to 
launching. 

This is a very necessary combination, especially with big launching 
weights, because both the tendency to start and the strain on the 
poppets are accentuated. Also a camber is most essential in the 
case of a ship being built on soft ground, because the ways are inclined 
to sink, and it would be most disastrous to have any hollow in the 
standing ways, for if this did not actually stop the boat, it would give 
a big initial velocity and a small final velocity, which is just what must 
be avoided. Now, if the ways were straight, either the strain to start 
would be too great, or the speed at the end of travel would not be 
sufficient. It has been known for a boat to break away before the 
appointed time and to be in the river without a name when 
the guests came; this, of course, is not only distressing but decidedly 
dangerous. 

The standing ways are laid on blocks of the same type as keel 
blocks, about 4 feet apart, with ships of moderate launching weight, 
but with big weights it is necessary to make a solid structure of wood 
in place of the blocks at the fore and after ends. The solid part at 
the after end must start where the poppets will commence to take the 
strain ; at ’midships, however, open blocks are sufficient. 

The standing ways are laid slightly more than one-third of the 
vessel’s extreme breadth apart, and, as a general rule, there are only 
two rows of ways, but in some French shipyards it is the practice to 
launch light boats of fine form—such as torpedo craft—on three rows 
of ways. In this case, the central way takes all the weight, and the 


side ways are only guides to stop the boat from falling until she is 
water-borne. 
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In launching in this way, there is no necessity for a forward 
cradle, and also the weight is taken on the central portion of the ship, 
which is certainly best able to withstand the strain. When only two 
ways are used, as is the general custom, their width is regulated by 
the weight of the boat, the area being calculated by allowing about 
2 tons per square foot of pressure on the ways. ‘These standing ways 
are laid a little further apart at the after end than at the forward end, 
in order to prevent any jamming as the forward end slides down. 

In some cases, a stout riband of timber is fitted on to the 
standing ways, and overlapping the sliding ways. Spur logs or shores 
are fitted at the joints of this riband or about eight feet apart. This 
is to prevent both the standing and sliding way from spreading. In 
some cases, however, this riband is fitted on the inside, as will be 
described later. On the top of the standing ways is about 4-inch of 
grease, which is generally a mixture of tallow and soft soap. The 
tallow is melted down and poured on to the ways, where it sets. The 
soft soap is then put on the top of the tallow; this acts as a lubricant 
until the harder tallow is melted by the friction. To prevent the 
grease from being squeezed out, it is often necessary, with heavy 
boats, to fit distance pieces, of the same thickness as the grease, 
spaced about 10 feet apart ; these may easily be removed on the day 
of the launch, and either tallow or some other grease, such as lard oil, 
may be poured into the space left by these steel separators. 

At the launch of the United States Battleship “New York,” in 
October, 1912, the grease applied was a mixture of tallow, as a main 
ingredient, and stearine and some special launching grease, to give 
lubrication until the tallow was melted by the friction. In addition 
to this, grease boxes were fitted which forced the grease on to the 
ways as the boat moved down. On the top of the grease comes 
the sliding ways and cradle, and here great care must be exercised. 
The whole structure must be made so that it will come quite apart 
when afloat, but not the smallest wedge must be allowed to come 
adrift. 

The sliding ways are composed of baulks of timber bolted 
together, and are in lengths of about 20 feet. "These are scarfed at 
the joints but not bolted, the only fastening being a stout chain 
secured to both logs by shackles, so that when the logs are afloat in 
the water none will come adrift. | 

Amidship, the cradle is simple. Packing pieces are fitted to the 
bottom of the boat with long oak wedges underneath them, these 
wedges being about 6 feet in length, and of a very gradual taper. They 
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are fitted on every alternate frame, and when first put in are not 
driven tight. 

At the forward end, things become more complicated. The 
wedges or slices, as they are sometimes called, are put between the 
top of the sliding ways and another layer of wood, called the poppet 
board, on which stand the poppets. For the poppets on a light boat 
of fairly blunt form, a couple of stout shores fitted under a plate edge, 
and tipped with an angle-bar, is all that is necessary, but with heavier 
boats, with launching weights of between 8,000 and 10,000 tons, 
much more strength is needed. In this last case, steel plates are 
fitted right under the fore foot of the vessel, forming slings, and with 
a launching weight of over 10,000 tons, at least four of these slings 
would be necessary, one fitted abaft the other. 

At the top of these slings is a housing plate, strengthened with 
brackets, fitted above it. "This forms a housing for the heads of the 
poppets, which are composed of baulks of timber about 12 inches 
square, bolted together into groups of from 16 to 20, the foremost 
poppet being made stronger than the others. At the after end there . 
is no need for a cradle of such strength. In the place of the plate 
cradle wire ropes are stretched under the keel, as far aft as possible, 
and coupled in the middle by means of some fastening which will 
come adrift when the tension is relieved. A couple of ordinary can 
hooks, such as are used for lifting plates, serve very well for this 
purpose. There are poppets at the after end, of much the same 
composition as the poppets at the fore end, but not so strong, because 
there is no extra strain on them, such as is caused by pivoting, in the 
case of the forward end poppets. 

The wire ropes are attached by means of bolts of about l-inch 
diameter, which go right through the poppets. "These bolts are also 
the means of getting the necessary tension on the wires which are 
fitted to keep the poppets from spreading, and are not expected to 
take any of the weight of the ship. 

As has been before mentioned, a stout riband of timber is some- 
times bolted to the inside of the ways, and shores are fitted at the 
joints, from one way to the other, to prevent it from being forced off. 
It is impossible, of course, to wedge these shores, because that would 
cause the ways to jam ; so they are supported at the ends by means 
of a kind of slot or housing, for the end of the shore to rest in. 
This counteracts any tendency for the sliding ways either to spread 
or to come together while the vessel is launching. 

When the cradle is completed, the ramming up may be com- 
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menced ; this should be left till as near launching time as possible, 
because, when the wedges are rammed up, the greater part of the 
weight is taken on the ways, and there is a tendency to slide, which 
cannot be counteracted entirely, for a most alarming creeping takes 
place, even before the building blocks are removed. In order to be 
able to measure this creeping, a rough gauge is fitted. Two small 
pieces of wood are nailed, one on to the standing ways and one on 
to the sliding ways, so that, as the creeping takes place, these two 
pieces of wood will separate, and so the distance between them 
measures the creep. As may be well imagined, the shorter the time 
to creep, the more peaceful will be the mind of the yard manager. 

The ramming up has to be carefully done ; before this takes place 
there is no weight on the launching ways, the wedges, which have 
already been described, not being driven tight. It is necessary when 
ramming these wedges home, and so transferring the major portion of 
the weight of the ship from the building blocks to the launching ways, 
that it should be done uniformly all along the ship. This is the 
procedure for a boat of moderate size: 4 gangs of 8 men are started 
at equal intervals of a quarter ship’s length from the after end on 
both sides at once, so that when the gangs have worked forward, 
ramming up as they go, until each gang has done a quarter of the 
work, the whole is completed; this method makes the labour much 
lighter than it would otherwise be. It is often necessary to start 
8 gangs on each side, if the boat is big and the time short. 

The number of men used in ramming up the French battleship 
** Paris" was 500, but whatever the number of men at one’s disposal, 
the ramming up must be done as uniformly as possible. 

Sometimes, if the launch takes place early in the day, it is 
necessary to do the ramming up the night before, or to bring the men 
in earlier than usual in the morning, which is both expensive and 
unnecessary. On the morning of the launch the blocks and shores 
have to be knocked away. Here again gangs of four men must work 
in the same fashion as in ramming up. 

The pressure on the blocks will make it impossible to remove 
them, except by splitting out the packing piece at the top of each 
pile of blocks, and the pressure on the last few blocks necessitates 
much very heavy work, which somehow does not appeal to the author 
under any circumstances. This work is greatly facilitated by the 
introduction of collapsible sand blocks. 

About two months before the launch, every alternate block is 
taken out, and the collapsible blocks put in place of them. These 
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blocks are wedged up to take the same strain as the others, so that 
when on the morning of the launch the other blocks are removed, 
the work is much lighter and quicker on account of the major portion 
of the weight being taken by the sand blocks, which can, at the last 
minute, be removed by releasing the sand; 125 of these blocks have 
been removed in 11 minutes. 

The releasing arrangements of a launch are very variable; with 
light boats it is only necessary to use dog shores, in which case it is 
possible to arrange so that the lady who christens the ship, by cutting 
a piece of silk ribbon, does actually release her. This is done by a 
very ingenious arrangement: the silk ribbon holds up a very sharp 
knife, which works ina slide, at the bottom of which there is a block, 
and over the block passes a piece of strong whipcord ; this cord holds 
up a much heavier knife, which also works in a slide; over the block 
at the bottom of this slide passes a piece of stout rope, of sufficient 
strength to hold a substantial weight over the dog shore. When the 
silk ribbon is cut the first knife drops and cuts the whipcord, which 
allows the second knife to drop and cut the rope ; the weight then 
falls and knocks away the dog shore, and away goes the ship. 

This arrangement is satisfactory with light boats, but it is quite in- 
sufficient with ships of even moderate size, in the latter case, hydraulic 
triggers being fitted in both ways about ’midship. The trigger, which 
pivots in the standing ways, projects into the sliding ways, and as long 
as the pressure is kept on the lower end of the trigger by means of a 
powerful hydraulic ram, the boat cannot go, but as soon as the pressure 
is released, the trigger will pivot clear as the sliding ways pass down. 

It is necessary to have a hand pump in the pressure circuit, and 
to have men continually in attention on it, from the time the ramming 
up is complete until the actual release. Where these are used, the 
lady who is christening the boat gives the signal by means of an 
electric bell, but often the ribbon arrangement is used, and then the 
dropping of the weight is the signal to release the pressure. It is 
often advisable to have both dog shores and hydraulic triggers, so 
that in case of emergency there will be no serious accident. 

In places which would suffer strain from being unsupported when 
the blocks are removed, tumbling shores are fitted, which are round 
at the top and bottom, so that they will roll over as soon as the boat 
moves. Most of the shores are removed from the bilges, &c., but 
here again some of these are left, about one out of every eight. 

When released the boat and cradle move very slowly at first, but 
rapidly gain speed until they are in the water, but before this there is 
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a very critical point to pass, namely, when the stern end is water- 
borne. From this moment the stern end goes along the surface of 
the water, while the forward end is still travelling down the ways, and 
this causes a kind of pivoting about the fore end poppets. It is 
obvious that the weight is then thrown on these poppets more and 
more as the ship approaches a level position ; from this it will be seen 
that the foremost of the poppets is under a much greater strain than 
those abaft of them, and owing to this unequal distribution of weight, 
there is a big strain on a small portion of the vessel’s structure. 

There is a design of poppet which gives a much better distribution 
of weight when the ship pivots. The poppets are connected together 
and the weight is taken on what might be called pivoting surfaces, 
with a radius of about 50 feet; they are greased in the same way as 
the launch ways, and so slide when the pivoting takes place. In this 
way the strain is divided equally on the poppet heads, which is a great 
advantage, though it is more costly to build, and there is more to 
come adrift when in the water. 

This last is a most important point in the preparing of the launch 
ways, because, should any log of wood come adrift and go floating 
down the river, it is more than likely that some passing steamer will 
suck it into her propellers, and there will be some considerable 
damage to pay for. 

There is another most important point, namely, that the tide 
should be at the height which was assumed for the calculations. If 
the tide is too high the result will be that the stern end will be water- 
borne sooner than is necessary, or to put the case in another way, 
the launch ways are too long. The poppets will be under strain for 
much too longa period, which should be as short as possible, for 
should there be any slight weakness in the building of the cradle, such 
as bad workmanship in the fitting way, it is most improbable that the 
same weakness would occur on both sides of the ways. The result 
will be that one side will give way, while the other side supports all 
the weight of the fore end of the ship. This side in its turn, will give 
way, being subjected to a so much greater strain than it is intended 
to withstand, but it will hold long enough to give the ship a very 
dangerous list; in this precarious condition she enters the water, 
having first bounced on the end of the concrete building berth, 
buckling her stem casting, and most likely springing a severe leak 
forward. ‘This, putting it in the mildest terms, is highly discouraging 
to the yard manager, and very expensive to the firm. 

From a theoretical point of view, this is caused by an excess of 
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the moment of buoyancy above the moment of weight about the after 
end of the ways. 

If, on the other hand, the tide is too low the stern end is not 
water-borne soon enough, and when the moment of weight exceeds the 
moment of buoyancy about the after end of ways, the ship will then 
tip up, the weight will be taken off the forward end cradle, which will 
get displaced, the weight being the only medium of holding this part 
intact, and most likely the ’midship portion will be crushed in by the 
excessive weight it has to support. Then when the stern end is 
water-borne and rises, the weight will be thrown on the fore end, and 
there will be no cradle to support it, or, if any, perhaps one side will 
take the weight, and much the same thing will happen as in the 
first case. These instances are, of course, extreme, but there is not 
sufficient margin to overlook this point. 

From a theoretical point of view, there is great interest afforded, 
though the author is afraid he must apologise for his insufficient 
knowledge to give anything but a vague outline of these calculations. 

The first thing to do is to find the C.G. of the ship in her 
launching condition; the total launching weight is calculated, and 
from this the draught of the boat is easily ascertained, and so also the 
centre of buoyancy; from these, by the usual calculations, one can 
find the G.M. or metacentric height; in the opinion of most 
authorities on this point, the G.M. should not be less than 12 inches 
for launching. This, fora ship in seagoing condition, would be rather 
too small, but when launching, the forces which tend to incline the 
ship are small in comparison with those exerted by a heavy seaway. 
The G.M. or metacentric height regulates the lever of statical stability 
which is the lever of the moment, and which tends to bring the ship 
back to the upright when inclined from that position. 

It was not until 1883, when the ‘‘ Daphne” capsized in launching, 
that the necessity of calculating the stability of a ship in launching 
condition was brought forcibly to notice. The condition is a very 
low C.B., a high C.G. and great freeboard. The tendency is, there- 
fore, towards having a very small G.M., which is shown to be 
undesirable. The proposition is that the weight must be so 
distributed as to bring the C.G. as low as possible. 

It is sometimes found necessary to fill the ballast tanks in order 
to lower the C.G., but this is adding weight and therefore increasing 
the difficulty of launching. 

The next thing is to calculate whether there is a tipping moment 
or not. First, find how far up the slipway the water will be one hour 
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before high tide, for boats are generally launched about this time. 
Now, imagine the boat sliding down the ways, and calculate the 
displacement and C.B. at regular intervals as she takes more water. 
Having found the various positions of C.B., plot a curve of the 
moment of buoyancy about the after end of the ways, and also a curve 
of same about the fore poppets. Then plot the moment of weight of 
ship about the fore poppets ; this, of course, will be constant, because 
the position of the C.G. of the ship will not move. Now, when the 
moment of buoyancy exceeds the moment of weight about the fore 
end poppets the stern will commence to lift; this, as pointed out, 
should not be too early, because from that time the poppets are under 
an enormous strain until the ship is in the water, and the shorter the 
time she is in this condition the better for cradle and ship and 
everything else. Now plot a curve of the moment of weight about 
the after end of the ways; there will of course be no moment when 
the C.G. of the ship is directly over the end of the ways. 

It is most essential that the moment of weight should never 
exceed the moment of buoyancy about the after end of the ways, 
because if it did so, there would immediately bea tipping moment 
and the effect would be disastrous, as has been before described. 

As the boat is launching, certain observations have to be taken for 
data for future launches, the most important of these being the 
acceleration of travel and velocity ; to know this is very important, for 
instance, in the case of a boat of very fine form, where the foremost 
poppet is quite a long way from the bow, for when the poppets have 
passed over the end of the ways, the bow of the boat will drop, and it 
is sometimes necessary to cut away the end of the concrete building 
berth, in between the launch ways, so that the bow of the boat will 
not foul on them. It will be seen, therefore, that to know the speed 
of the boat at any point of travel is very necessary. 

Now it would be very difficult to calculate this speed, because of 
the resistances which are set up by the water, and it would be next 
to impossible to calculate these resistances to any great degree of 
accuracy, and therefore the only guide is the behaviour of a similar 
boat under similar circumstances. 

There are many ways of measuring the acceleration of a boat ; one 
is by means of a cord attached to the stem of the boat ; as the boat 
slides down, the cord causes a disc to revolve, the diameter being 
known, the distance the cord has travelled can be readily seen by 
counting the number of revolutions made by the disc. On this disc is 
a strip of paper, working on which is a pencil actuated by clockwork 
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to oscillate in a known time, and by measuring from crest to crest 
of the wavy line so drawn, one can ascertain the acceleration. It 
will be found, however, that the sag in the cord will make a difference 
to the reading. 

A method that is much practised is to have four or five men with 
stop watches, stationed at known intervals down the slipway. When 
the boat is perceived to be started, each man starts his watch, and as 
the bow passes him, he stops it, the last man stopping his watch as the 
bow drops clear of the ways. By plotting these observations, one gets 
curves from which can be read the speed or acceleration at any point 
of travel. 

It only remains to show a few slides which may help to further 
explain some of the more important points of the paper, and, in 
conclusion, the author invites the most scathing criticism, for from it, 
he hopes to learn much that he does not know about this subject of 
launching, which is so all-important to the shipbuilder. 
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Obituary. 


* SIR WILLIAM HENRY PREECE, K.C.B., F.R.S., Past 
President Inst. C.E., and formerly Engineer-in-Chief of the Post 
Office, died at Penrhos, Carnarvon, on the 6th November, 1913, in 
his eightieth year. Born at Bryn Helen, Carnarvon, on the 15th 
February, 1834, he was educated at King’s College, London, and 
gained practical experience in the offices of the late Edwin and 
Latimer Clark, then engineers to the Electric Telegraph Company. 
In 1853 Preece joined the staff of that Company, which subsequently 
became, by amalgamation, the Electrical and International Telegraph 
Company, and after rapid promotion was appointed Superintendent 
of the Southern Division. From 1858 to 1862 he was also Engineer 
to the Channel Islands Telegraph Company, and in 1860 he became 
Superintendent of Telegraphs on the London and South Western 
Railway, where he introduced the Preece block system of working 
single lines and a system of electric communication between passengers 
and guard. When, in 1870, the business of the various telegraph 
companies (about thirty in number) was transferred to the State, the 
subject of this memoir was appointed Engineer for the Southern 
Division of the State system, with headquarters at Southampton. In 
1877 he was appointed Electrician to the Post Office, and in 1892 he 
became in addition Engineer-in-Chief. He held this combined office 
until his retirement under the age rule in 1899, when he was appointed 
Consulting Engineer to the Post Office. In 1904 he resigned this 
office and devoted himself entirely to private practice in Westminster, 
in conjunction with Major Cardew, and with two of his sons, Llewellyn 
and Arthur Preece. For his services to the nation he received a C.B. 
in 1894, and was created K.C.B. on his retirement in 1899. 


As an investigator and inventor in the fields of electricity, 
telegraphy and telephony, Sir William Preece’s record is one of sound 
and varied achievement. In earlier years he patented various systems 


* The greater portion of the matter of the Obituary of Sir W. H. Preece 
and Mr. Johnston is reproduced from the Minutes of Proceedings of the - 
Institution of Civil Engineers by permission of the Council of the Institution. 
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of railway signalling and duplex telegraphy. His later work was 
connected with the improvement and perfecting of telegraphic 
apparatus, the introduction into this country of the telephone and 
the invention of several important improvements, and the origination 
of a method of signalling across space by induction telegraphy. 
On several occasions, when cables failed between mainland and 
various islands, he was enabled to transmit messages by means of 
parallel wires. When Mr. Marconi came to England Sir William 
Preece gave him every encouragement and support, and secured for 
him many important facilities from the Post Office for the prosecution 
of his work. He also introduced many improvements in the Post 
Office telegraphic system, carried out experiments on copper wires, 
and commenced to lay down cables for the trunk lines, a work 
completed by his successor. He made several official journeys to the 
United States and Canada, and also visited France, Germany, Austria, 
Italy and other European countries. He served on several Royal 
Commissions, and was a member of many conferences, exhibition 
committees, and other bodies. Among other offices he twice held 
the Presidency of the Institution of Electrical Engineers, was 
Chairman of Council of the Royal Society of Arts, President of the 
Mechanical Science Section of the British Association, Fellow of the 
Royal Society, and a member of many other scientific and technical 
bodies. He was elected to the Council of the Institution of Civil 
Engineers in 1884, and became President in 1898. 

As an author, Sir William Preece was responsible, singly or in 
collaboration with others, for several standard works and a number 
of papers presented to various Societies. In conjunction with Sir 
James Sivewright he wrote a well-known ‘ Manual of Telegraphy,” 
a book on “The Telephone” with Dr. Julius Maier, and a ** Manual 
of Telephony " in collaboration with Mr. A. J. Stubbs. 

Sir William Preece was elected an Honorary Member of the 
Liverpool Engineering Society on the 8th January, 1896. 


* ROBERT EDWARD JOHNSTON, son of the late Mr. Walter 
Johnston, of Ledsham, died suddenly at Birkenhead on the 28th 
September, 1913, aged 72. After serving as a pupil and later as 
an assistant to Mr. George Douglas, he was appointed to succeed 
him in 1863, as Engineer-in-Chief of the Birkenhead Railway, and 
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in 1866 he assumed charge of the joint lines of the London and 
North Western and Great Western Railways in the Shrewsbury 
district, an office which he retained for 53 years, retiring in 
December, 1908. During this long tenure of office he carried out 
a variety of important work, including the construction of a tunnel 
between Birkenhead town and Woodside, the widening of the line 
between Birkenhead and Ledsham, the erection or alteration of 
a number of stations, the enlargement of Chester Station, and the 
construction of various branch lines. A notable undertaking was a 
difficult extension of Shrewsbury Station and approaches, success- 
fully carried out without interruption to the traffic. He was a 
Member of the Institution of Civil Engineers. 

Mr. Johnston was elected a Member of the Liverpool Engineering 
Society on the 20th February, 1889, and was President in 1892, his 
Address dealing with the development of railways and improvements 
in their construction and operation. 


FREEMAN BURROWS died on the 13th October, 1912, at the 
age of 68 years. He became a partner of the Torbay Paint Company 
in 1870, and at the date of his decease was senior partner of that 
Company. | 

Mr. Burrows was elected an Associate of the Liverpool 
Engineering Society on the 6th January, 1897. 


ANDREW LIVINGSTONE LIND was born at Kendal on 
the 2nd July, 1875, and died on 10th March, 1913, at the age 
of 38 years. 


He was apprenticed with the Telegraph Manufacturing Company 
(now merged in the British Insulated and Helsby Cables, Limited), 
at Helsby and Liverpool. He was subsequently engaged in 
Manchester and district on electrical work, principally in connection 
with mines and works. In 1898 he was appointed Works Manager 
to the New British Electric Lamp Company, of Willesden, which 
office he held until 1902. In 1903 he founded the firm of Lind and 


334 ANDREW LIVINGSTONE LIND. 


Company (now Lind & Company, Limited), in Liverpool, Electrical 
Manufacturers’ Agents. In 1912 he became Local Manager for 
Messrs. Simplex Conduits, Limited, of Birmingham and London, but 
still retained a seat on the Board of Messrs. Lind & Company, 
Limited. 


Mr. Lind was an Associate of the Institution of Electrical 
Engineers, and was elected a Member of the Liverpool Engineering 
Society on the 14th January, 1903. 


WILLIAM EWART WHITTINGTON was born at Liverpool on 
24th March, 1881, and died 12th October, 1913. He was educated 
at the Liverpool Institute, and served an apprenticeship with Messrs. 
H. & C. Grayson, Ltd., being retained by them in their Drawing 
Office on the completion of his apprenticeship. He was subsequently 
engaged fitting up transports for the Government during the South 
African War under Captain Elliott, R.N. He then entered the service 
of Messrs. Sir Wheetman Pearson & Co., as Engineer at the Queens 
Dock, Liverpool, and following this was engaged for nine months 
under Mr. J. A. F. Aspinall, in connection with the electrification of 
the Liverpool and Southport Line, for the Lancashire and Vorkshire 
Railway Co. He then obtained an appointment with the Government, 
and, under the Irish Board of Works, constructed a Harbour at 
Kincasslagh, Co. Donegal, on the completion of which he was given 
the position of Resident Engineer, at Cape Clear Island, near the 
Fastnet Light, and superintended the construction of the new South 
Harbour. Here he met with an accident which was ultimately the 
cause of his death. A crane broke and he sustained severe injuries 
to the head which almost severed the optic nerve, and he gradually 
lost his sight, eventually becoming totally blind on 12th October, 
1911, and died on the same day and month two years later. 


Although a career of considerable promise was thus brought to an 
early close, and in spite of his terrible affliction, he was always of a 
very genial disposition, which endeared him to all with whom he came 
in contact. 
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He was an Associate Member of the Institution of Mechanical 
Engineers, an Associate Member of the Institution of Civil Engineers 
(Ireland), and was elected a Member of this Society on the 22nd 
February, 1911. 


The following Deaths have also been made known :— 


Members. 


Cosmo R. JONEs. 
P. M. PRITCHARD. 
W. G. Scott. 
JOHN J. WEBSTER. 
EpwiN Woops. 


Members possessing information relating to the professional 
career of the above gentlemen, are requested to communicate with 
the Acting Hon. Secretary. 
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